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Original Communications 


INVESTIGATION OF THE PATENCY OF PERIPHERAL 
ARTERIES* 


P. ForMIJNE, M.D. 
AMSTERDAM, HOLLAND 


ARTERIAL PALPATION 


NE of the most important methods for the study of peripheral vas- 

cular diseases is the palpation of the arteries of the extremities. 
In the arm the brachial, radial and ulnar arteries are easily palpable; 
in the leg the femoral, posterior tibial, and dorsal pedal arteries usually 
ean be palpated without difficulty. The palpation of the popliteal 
artery is more difficult; pulsations may not be felt in this artery even 
when the arteries of the feet show normal pulsations. It is a widely 
aecepted opinion that absence of pulsation in these arteries does not oc- 
eur in normal individuals, or at least occurs very rarely. This opinion 
is not wholly justified by a study of the literature. Only a small num- 
ber of investigations has been published, and there is no agreement 
on this important question. 

Erb investigated clinically 381 persons without manifest arterial dis- 
‘ase. He found absence of pulsation in both the posterior tibial arteries 
in 2 eases; absence of pulsations in the posterior tibial and dorsalis 
pedis arteries of one foot in two eases. Absence of pulsation in one or 
more arteries of the feet was therefore found only in 1 per cent of the 
control cases. Goldflamm investigated 200 persons, but not clinically. 
He found absence of pulsation in the arteries of the feet in 5 per cent 
of his eases. Buerger found in 200 persons normal pulsation in the 
dorsal pedal arteries in all but one case (0.5 per cent) ; the condition 
of the posterior tibial arteries is not mentioned in this series. 

The agreement between these authors is satisfactory. The results 

*From the Internal Clinic, University of Amsterdam, Wilhelminagasthuis. 


+The expression “palpation of arteries” is used hereafter instead of the more cor- 
rect expression “palpation of the pulsations in arteries.” 
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obtained by Schneyer showed a fundamental difference. <A clinical 
investigation of 500 persons showed absence of pulsation in males in 
17 per cent; in females in 29 per cent. It is difficult to give an explana- 
tion of this divergence of results. It may be dependent upon differences 
in the ability to palpate still existing after a long experience with this 
method. 

It is highly desirable to have this problem elucidated by the ecoopera- 
tion of many investigators. The need of an objective method for the 
control of the palpation is hereby emphasized. The seope of the present 
investigation was the study of this problem. 


OSCILLATIONS 


When blood pressure is measured with the instrument of Riva Rocci, 
oscillations are visible between systolic and diastolic pressure. These 


Fig. 1.—Photographic registration of oscillations of the left middle finger with a 
capsule of Gaertner (see Fig. 2). The oscillograph is suspended in the light beam 
of a Cambridge electrocardiograph. The capsule in inflated at a pressure of 70 mm. 
of mercury with the instrument of Pachon. 
oscillations ean be studied visually, or registered with an oscillograph 
on smoked paper or a photographie film. In the present investigation 
an oscillograph of Boulitte, suspended in the light beam of an electro- 
eardiograph, was used (Fig. 1). 

It was found necessary to obtain the oscillations of the most distal 
parts of the extremities. The dorsum of the foot was covered with a 
small cuff which was fastened around the foot with leather straps. 
When the cuff was connected with the oscillograph, distinet oscillations 
appeared. 

It was soon apparent that these oscillations were not exclusively from 
the dorsum of the foot, but also in a small measure from the plantar 
side. Evidently the systolic expansion was transmitted by the leather 
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straps to the cuff. When the cuff was fastened on the plantar side again, 
the oscillations were predominantly but not exclusively from this side. 
On the hands no good results were obtained with this small euff. After 
trying different methods the best results were given by the capsules of 
Gaertner (Fig. 2). They consist of a hollow metal cone, which is ecov- 
ered with a loose rubber membrane on the inside. This is fastened at the 
On one place the cone is pierced and connected 


borders of the cone. 
When the capsule is applied around the finger 


with a small metal tube. 
and the cuff inflated through the metal tube, the space between cone 
and membrane is filled with air and the membrane is pressed against 


the finger. If the capsule is connected with the oscillograph, small os- 


a\ i 
» METAL 
AIR, 
35m. 
RUBBER 


Fig. 2.—Section through capsule of Gaertner. The measurements are those of a 
commonly used model. Capsules of different sizes are used, according to the diameter 
of the finger. 
cillations from the fingers can be registered. In the same manner os- 
cillations from the arteries of the big toes can be taken with an oval 
cone, 


DETERMINATION OF THE SO-CALLED OCCULT BLOOD PRESSURE BY THE 
METHOD OF GAERTNER 


The capsules of Gaertner, as described above, were originally used 
for the determination of the blood pressure in a finger. The finger was 
made anemic by pushing a narrow rubber ring from the end of the 


finger to the base. Then the capsule was placed over the middle phalanx 


and inflated above systolic pressure. After the rubber ring was cut, the 
blood filled the finger up to the capsule. Then the pressure in the 
capsule was diminished slowly. At a certain pressure there was a 
sudden filling of the finger tip with blood. At this instant the blood 
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pressure in the finger was just able to overcome the pressure in the 
capsule. This pressure was assumed to be the systolic pressure in the 
finger (Fig. 3). 

This method is no longer used for its original purpose, that of de- 


termination of the general blood pressure. Changes in the condition of 
the finger arteries do not allow constant results. Nevertheless this 


Fig. 3.—Determination of occult blood-pressure with the method of Gaertner. 

First phase: A rubber ring is pushed over the third right finger from the end to 
the base. 

Second phase: <A capsule of Gaertner, connected with a manometer is placed over 
the middle phalanx and inflated to a pressure of 150 mm. of mercury. 

Third phase: The rubber ring is cut. After this the pressure is diminished slowly. 

Fourth phase: At a pressure of 80 mm. of mercury there is a sudden filling of 
the finger with blood. 


method, in the procedure called determination of occult blood pressure, 
is very useful in the study of arterial diseases. It is the only practical 
method of blood pressure determination independent of the pulsatory 
phenomena. 
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It is quite possible, under certain cireumstances that the change from 
a pulsating blood stream to a continuous stream does not take place, 
as is usually the case, in the arterioles and capillaries, but in the main 
arteries. 

This possibility was first clearly formulated by L. Bard; he found in 
a patient with stenosis of the subclavian artery no pulsations on the 
left side, while the fingers showed a normal occult blood pressure. He 
assumed that the stenosis of the subelavian artery had abolished the 
oscillations, without changing the blood pressure. This combination 
must be considered a rare one. The occurrence of a continuous blood 
stream is often seen in some diseases, especially arterial embolism, but 
in most cases there is very marked lowering of the occult pressure. 

The occult blood pressure also can be determined at higher levels 
(ankle, wrist, ete.). In this ease the extremity is made anemic by eleva- 
tion and application of a rubber bandage. The cuff is then fastened 
around the limb at the level of determination, and inflated above systolic 
pressure. The bandage is removed, the limb placed horizontally, and 
the pressure in the cuff is gradually diminished until, filling of the distal 
parts is to be seen. It is not always possible to make an accurate de- 
termination, especially in patients with slow cireulation, or with ir- 
regularities of the pulse (for instance auricular fibrillation). In these 
cases only approximative values ean be obtained. 


COMPRESSION METHOD 


Normal persons always showed oscillations in most fingers. Sometimes 


the oscillations were very small or absent in one finger (usually the 
fifth). These oscillations are derived from the main arteries of the 
hand, especially the radial and the ulnar artery. The relative sig- 
nificance of these arteries can be found by alternative compression of 
each of them. 

When one of these arteries is closed by an obstructive arterial dis- 
ease, compression of the other artery will abolish the oscillations in 
all fingers. 

The principle of this method was first used by Allen: When the fist 
is clinched and the radial artery compressed, there is no filling on 
opening the hand when the ulnar artery is closed. Only an approxima- 
tion ean be given by this method. 

The results of arterial compression can be demonstrated most con- 
veniently in some patients with unilateral arterial obstruction. 

CasE 1.—W. S., a man aged forty years, visited the clinic because of whiteness 
and pain in the fingers. Arterial palpation demonstrated absence of pulsation of the 
right ulnar and left dorsal pedal artery. Hereupon the arteries were studied with the 
compression method. The oscillations of every finger were registered under a pres 


| | 
| 
| 
| 
I 
| 
| 
| 
| 


6 THE AMERICAN HEART JOURNAL 


sure of 60 mm. of mereury. First the radial artery was compressed; after that 
the ulnar artery. At last radial and ulnar arteries were both compressed at the same 
time (Fig. 4). 

On the left hand there was no marked change in the oscillations when either the 
radial or the ulnar artery was closed. During compression of both arteries the oscil- 
lations disappeared entirely in all fingers. 


On the right hand there was complete disappearance of the oscillations in all 


Soentken 18- 


‘ 


Fig. 4.—Case 1. June 18, 1932. Compression curves of all fingers of the right 
and left hand. 

R = Period of compression of the radial artery. 

U = Period of compression of the ulnar artery. 

U + R = Period of compression of the ulnar artery and radial artery. 

Compression of the radial artery causes a complete disappearance of oscillations 
in all fingers of the right hand. Occlusion of the right ulnar artery is demonstrated. 


fingers when the radial artery alone was compressed. Compression of the ulnar 
artery had no effect. The conclusion was that at this pressure the oscillations of the 
fingers came only from the radial artery. 

It is possible that oscillations coming from the ulnar artery were present at 
lower pressures in the capsule. This possibility could be excladed by compression of 
the radial artery at different pressures (from 80 mm. to 10 mm. of mercury). Always 
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there was complete disappearance of oscillations when the radial artery was closed. 
Finally the existence of a continuous blood stream through the ulnar artery was 


TABLE I 
spont. occur OCCUM? PRESS. occunt OCCULT PRESS. 
PRESSURE DURING COMPR. PRESSURE DURING COMPR. 
RADIAL ART. ULNAR ART. 
R. second finger 40 70* 0 80 75 
R. fourth finger 85 0 95 90 
L. second finger 30 65 60 40 
L. fourth finger 90 100 100 90 
SPONT. OCCULT 
PRESSURE 

R. second finger 
R. fourth finger 
L. second finger 60 
L. fourth finger 100 


*Value after repetition of the determination (see text). 


Fig. 5.—Shock method. 

First phase: The arm is made anemic with a rubber bandage. 

Second phase: A cuff is applied over the upper arm and inflated to a pressure of 
200 mm. of mercury. The rubber bandage is taken off. 

Third phase: The cuff is suddenly deflated during compression of the radial ar- 
tery. The blood streams in the lower arm and through the ulnar artery slowly in 
the hand. The ulnar artery is patent to some degree. 


considered. For this investigation the influence of the arterial compression on the 
occult blood pressure was determined as described above. Before and after every 
determination with arterial compression the spontaneous occult pressure was deter- 
mined to avoid errors by variations in the pressure during the investigation. The 
results obtained in the second and fourth fingers of both hands are given in Table I. 

Table I shows that in the left hand compression of one artery (radial or ulnar) 
caused no, or only a small, lowering of the occult blood pressure. The low value 
that was found in the first determination in the left and right second finger probably 
was caused by a contraction of the finger arteries (this very low value for the occult 
pressure in the first determination was seen also in other cases). On the right 
hand, compression of the radial artery caused a fall of the occult pressure to zero! 
So it was proved that the blood stream in the fingers of this hand came almost totally 
from the radial artery. But with another method, which subsequently is called shock 
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method, there could be demonstrated a slight permeability of the ulnar artery (Fig. 
5). The arm was made anemic by elevation and bandaging, and the circulation 
was cut off by inflation of a cuff around the upper arm. If the circulation was sud- 
denly released, there was a sudden filling of the right and left arm and hands. 
When this experiment was repeated with the radial artery compressed, there was 
a fast filling of the hand on the left side through the open ulnar artery. On 
the right side there was a sudden filling of the lower arm up to the wrist. In the 
hand there was a very slow but progressive redness on the ulnar side and gradual 
filling of the hand and the finger. When the same experiment was repeated during 
compression of both the radial and the ulnar artery, there was no filling of the hand 
at the right or left side. 


From these experiments the conelusion was drawn that there was 
still some degree of patency of the ulnar artery. 

In the same manner the feet of this patient were investigated, and 
an almost total occlusion of the left dorsal pedal artery could be dem- 
onstrated. 


A diagnosis of incipient thrombo-angiitis obliterans was made. 


CASE 2.—A. R., a man aged fifty-three years, entered the ward with a diagnosis of 
luetie aortitis. During physical examination it was found that the left radial artery 
showed only very small pulsations, while the right radial artery pulsated normally. 
The pulsations of the left ulnar artery were somewhat smaller than the pulsations of 
the right. The arterial tension on the left upper arm was 90-55, on the right upper 
arm 110-55. This small difference did not explain the pulsus differens. The com- 
pression method was used for distinguishing between a real pulsus differens and a 
pseudo pulsus differens, caused by a local lesion of the radial artery (Fig. 6). 
It was found that the oscillations of every finger on the right side came from both 
the radial and the ulnar artery. On the left side the oscillations disappeared com- 
pletely during compression of the ulnar artery. Compression of the radial artery 
had no effect. This investigation was repeated three times, always with the same 
results. 

The small pulsations that were felt in the left radial artery did not reach the 
fingers. 


The determination of the occult blood pressure gave the results shown in Table IL. 


TABLE II 


OCCULT PRESS. OCCULT PRESS. 
SPONT. OCCULT 
DURING COMPR. DURING COMPR. SPONT. OC( T 


SPONT. OCCULT 


RADIAL ART. ULNAR ART. 
Right second finger 50 30 50 60 
Right fourth finger 40 45 65 
Left second finger 60 65 0 65 
Left fourth finger 65 55 0 70° 


These results showed that the occult blood pressure on the right side depended up- 
on the radial and the ulnar arteries, while on the left side no occult pressure de- 
pendent upon the radial artery was found. 

With the shock method it was found that the filling of the hand during 
compression of the ulnar artery was rather prompt, although slower than on the right 
side. During compression of both the radial and the ulnar artery on the left side 
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there still was a rather prompt filling of the hand. It was clear that another artery 
was responsible for this filling. On the dorsum of the hand a small pulsating 
vessel was found. Compression of this extra artery together with the radial and 
ulnar arteries did not prevent filling of the hand, although it was much slower. This 
indicated the presence of a fourth artery participating in the filling of the hand; 
this artery could not be localized by palpation of the hand. Patency of the radial 
artery was not proved or disproved by these experiments. 


~ 
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_ Fig. 6.—Case 2. August 16, 1932. Compression curves of all the fingers from the 
right and left hand. Compression of the ulnar artery causes a complete disappearance 
of the oscillations in all the fingers of the left hand. Occlusion of the left radial 


artery is demonstrated. 

On the right side, compression of both the radial and the ulnar arteries prevented 
filling of the hand. Therefore no extra arteries could be demonstrated here. The 
normal interosseous artery seemed never to cause a filling of the hand. 

The extra arteries on the left side were supposed to be collateral arteries, widened 
by the ocelusion of the radial artery. This occlusion was only partial at the wrist 
(presence of small pulsation), but a total, or almost total, occlusion must have been 


present in a more distal part of the artery. 
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The conclusion was reached that this patient had a pseudo pulsus 
differens, caused by a local narrowing of the radial artery. The small 
difference in blood pressure between the right and left upper arms prob- 
ably had no elinieal significance. 

The results obtained from examination of the two patients above 
show a strict agreement between both the compression curves of oscilla- 
tions and the determinations of occult blood pressure during compres- 
sion. Sometimes other results were obtained. 

CASE 3.—Patient D. J., a man aged forty-seven years, with carcinoma of the 
stomach, was found to have a very small radial artery on the right side. The right 
ulnar artery was more developed than the left. Compression curves showed that 
on the normal left side the oscillations came from both the radial and the ulnar 
arteries. On the right side the oscillations came exclusively from the ulnar artery 
(with the exception of very faint oscillations in the right thumb, originating from 
the radial artery). Determinations of the occult blood pressure were made. (Table 
ITT.) 


TABLE III 


OCCULT PRESS. OCCULT PRESS. 
SPONT. OCCULT 


: DURING COMPR. DURING COMPR. DITTO 
PRESSURE 
ULNAR ART. RADIAL ART. 
Right second finger 75 40 I 55 It 70 
Left second finger 70 55 I 70 II 80 


OCCULT PRESS. 
DURING COMPR. 
ULNAR ART. 
Right second finger 40 70 


SPONT. OCCULT 
PRESSURE 


Although the oscillations were of totally different composition on the right and 


the left side, there were no marked differences in the occult pressure. 


This ease presents an example of absence of pulsation with only 
slightly lowered occult pressure (right seeond finger during compres- 
sion of ulnar artery). This combination was found to be rare. 


CASE 4.—Miss V. C., thirty-eight years of age, had been visiting the clinic off 
and on for several years. She had marked arterial spasm of the Raynaud type in 
hands and feet; later she developed an extensive scleroderma on the chest and hips. 

Arterial palpation showed absence of pulsations in the left dorsal pedal artery. 
The other arteries of feet and hands showed normal pulsation. 

Arterial occlusion is not found in most cases of Raynaud’s disease. The patency 
of the left dorsal pedal artery in this case with the typical clinical picture of Ray- 
naud’s was therefore investigated. (Fig. 7.) 

Compression curves showed that the oscillations of the normal right foot came 
from both the posterial tibial and the dorsal pedal artery, with some preponderance 
of the latter. On the left foot the oscillations came exclusively from the posterior 
tibial artery. 

These curves showed, in agreement with the arterial palpation, that the left dorsal 
pedal artery was not patent for oscillations. With a capsule especially fitted for the 
big toe the occult pressure was determined with the same technic as that described 
for the finger. Owing to technical difficulties the results were not so accurate as 
those on the finger, but nevertheless quite significant. (Table IV.) 


~. 
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TABLE IV 


OCCULT PRESS. 
DURING COMPR. 


SPONT. OCCULT 
PRESSURE 


SPONT. OCCULT DURING COMPR. 


innit A. TIB. POST. A. DORS. PED. 
Right big toe 75 95 90 60 
70 0 110 90 


Left big toe 
OCCULT PRESS. 


OCCULT PRESS. 
SPONT. OCCULT DURING COMPR. SPONT. OCCULT 


DURING COMPR. 
>RESSURE A. TIB. POST. >RESSURE 
PRESSURE 4. POST PRESSURE 
+ A. DORS. PED. 
Right big toe 80 85 0 85 
Left big toe 95 0 =. 


Vv a) 24-3735 
of the fowt 


Right peantan $4 of the 


I D 


Left AorAsuwe of the foot 

ie} 


Left plantan side of the foot. 
av’ 


Fig. 7.—Case 4. March 24, 1933. Compression curves of the right and left foot. 


T = Period of compression of posterior tibial artery. 

D = Period of compression of dorsal pedal artery. 

T+ D= Period of compression of posterior tibial and dorsal pedal artery. 

Compression of the posterior tibial artery causes complete disappearance of the 
oscillations in the left foot. Occlusion of the left dorsal pedal artery is demonstrated. 


These results showed that compression of the posterior tibial artery had no effect 
on the normal right side, but gave a fall of the occult pressure to zero on the left 
Compression of the dorsal pedal artery had no effect on the left side, slight 
An almost total occlusion of the left dorsal pedal artery 
The leg was made 


side. 
effect on the right side. 
had to be assumed. Now the shock method was carried out. 
anemic, and arterial circulation was obstructed by a cuff, inflated to 220 mm, of 
Afterward the tension in the cuff was suddenly 


mercury around the upper leg. 
On the right side there 


released, during compression of the posterior tibial artery. 
was a prompt filling of the leg and the foot while the toes showed an irregular 
filling (arterial spasm). On the left side there was a prompt filling of the leg to 
the ankle. From this point there was a very slow progressive redness of the dorsum 
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of the foot, which, after two minutes had elapsed, had not yet reached the distal 
parts. Release of the posterior tibial artery gave a prompt filling of the foot. 


In this manner a very small degree of patency could be demonstrated in this artery. 


The value of the methods deseribed for the clinical investigation of 
arterial occlusion was proved on different groups of patients. 

Compression curves of the hands. 

1. In patients with normally pulsating radial and ulnar arteries. In 
this group curves were made of 24 patients. Arterial compression in 
these control cases showed some normal variations. Two extreme groups 
with many intermediate cases could be distinguished. In the first group 
compression of one artery alone (radial or ulnar) had no marked in- 
fluence on the oscillations. Here it was evident that in all fingers the 
oscillations came from both arteries. When one artery was compressed, 
the other could compensate for the resulting loss of circulation. 

In the second group there were differences between the fingers. The 
oscillation of the thumb and sometimes also of the second finger came 
only from the radial artery. In the third, fourth, and fifth fingers the 
influence of the ulnar artery gradually increased. Sometimes the fifth 
finger showed again a preponderance of the radial artery, especially 
when compared with the fourth finger. 

2. Patients with absence of pulsations in one or both ulnar arteries. 
In this group 8 eases were investigated. One of these (Case 1) has 
been described above. 

Table V shows that oscillations from the ulnar artery often could be 
demonstrated in cases which had no palpable pulsations of this artery. 

In a ease with changes in the patency of the ulnar arteries (No. 8 
of Table V) compression curves gave a better insight into the condition 
of the artery than did arterial palpation. In the first two cases there 
was complete agreement between arterial palpation and compression 
curves. The determination of the oceult pressure showed also an almost 
total occlusion. Compression of the radial artery caused a fall in 
pressure to zero (in both hands of the second case and in the right hand 
of the first case of the table). 

In the other cases the relation between arterial palpation and com- 
pression eurves was variable. 

Determination of occult pressure showed in those cases that were in- 
vestigated (Nos. 3, 5, and 8) that either the radial or the ulnar artery 
alone could uphold a good occult pressure in the fingers. 

Compression curves of the arteries of the foot. 

The influence of alternative compression of the posterior tibial and 
the dorsal pedal artery on the oscillations of the dorsal and plantar side 
of the foot was investigated in some groups of patients. 
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Control group. 


1. Patients with normal pulsations in the posterior tibial and 


the dorsal pedal artery 30 cases 
Oscillations from both arteries present 27 cases 
Oscillations from only one artery present 3 cases 


These three cases need a special discussion. In one ease the oscilla- 
tions were too small and indistinct to make the forming of a reliable 
judgment possible. The second ease had a peculiar arterial disease, which 
was diagnosed as thrombo-angiitis obliterans of the (digital) arteries of 
the toes. In this case the oscillations in both feet came from the posterior 
tibial arteries only, although there were normal pulsations in the dorsal 
pedal arteries. A possible explanation was an obliteration of the prin- 
cipal branches of the dorsal pedal artery. In a third ease, with Addi- 
son’s disease, there were small but distinct oscillations, which came only 
from the dorsal pedal arteries. The posterior tibial arteries showed 
normal pulsations. Why these pulsations could not be demonstrated 
on the foot was not explained. 

These results showed that in most cases with normally pulsating ar- 
teries of the feet there were on the dorsal and plantar side oscillations 
from both arteries; exceptionally the oscillations came only from one 
artery. 


2. Patients with absence of pulsations in one or both dorsal pedal 


arteries. 
Absence of pulsations in both dorsal pedal arteries 9 cases 
Oscill. only from post. tib. art. in both feet 6 cases 


Oscill. only from post. tib. art. in one foot and predom- 
inantly from post. tib. art. in the other foot (with 


faint oscill. from the dorsal ped. art.) 2 cases 

Oscill. from both the post. tib. and dors. ped. art. 1 case 

Absence of pulsations in one dorsal pedal artery 4 cases 

Oscill. only from the post. tib. art. of the same side 3 cases 
Oscill. from both the post. tib. and the dors. ped. arteries 

of the same side 1 case 


In nine eases of this group there was strict agreement between pulsa- 
tions and oscillations. In two cases there was a very slight difference. 
In two eases there was no agreement. In these latter cases patency of 
dorsal pedal arteries that showed no pulsation on palpation was proved. 


3. Patients with absence of pulsations in one or both posterior tibial 


arteries. 
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Absence of pulsations in both post. tib. arteries 6 cases 
Oscill. in both feet from the dorsal ped. art. only 2 cases 
Oscill. in both feet from both the post. tib. and the dors. 

ped. art. 4 cases 

Absence of pulsations in one post. tib. artery 2 cases 
Oscill. on the same side from the dors. ped. art. only 1 case 
Oscill. on the same side from both the post. tib. and the 

dors. ped. art. 1 case 


In this group there was strict agreement between pulsations and os- 
cillations in 3 out of 8 cases. In the other eases patency of the posterior 
tibial arteries had to be assumed, although pulsations could not be felt. 
Absence of patency for oscillations in the posterior tibial artery seems 
to be rare in patients without manifest arterial disease. 

The following conelusions could be drawn: 

1. When no pulsations of the dorsal pedal artery were felt, there were 
no oscillations from this artery in most eases. 

2. When no oscillations from the dorsal pedal artery were found, 
there were no pulsations in this artery in most eases. 

3. When no pulsations were found in the posterior tibial artery, often 
oscillations from this artery could be detected. 

These results indicated that the palpation of the posterior tibial ar- 
tery is less reliable than palpation of the dorsal pedal artery. 

The compression method can demonstrate the patency of arteries ir- 
respective of palpation. It cannot prove with absolute certainty the oc- 
clusion of arteries. It should therefore be combined with the determina- 
tion of oceult blood pressure and the shock method. The degree of 
patency of the arteries of the extremities can be estimated with a fair 
degree of accuracy by the combination of these methods. 


SUMMARY 


1. A method for the registration of arterial oscillations in fingers and 
feet is described. 

2. This method is used as a test for the patency of the main arteries. 
By alternative compression of the radial and ulnar arteries on the hand, 
of the posterior tibial and dorsal pedal arteries on the feet, the composi- 
tion of the oscillations can be studied. 

3. The so-called oceult blood pressure in fingers and big toes was 
studied by the method of Gaertner. The influence of compression of 
arteries on the oceult blood pressure was studied and used for testing 
the patency of these arteries. 

4. A third method, called shock method, was used for testing the 
patency of almost totally occluded arteries. Most of these arteries were 
found to have some degree of, patency. 
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5. The relation between the results of arterial palpation and the com- 


pression method was investigated in different groups of patients. 
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toxicosis have been described in previous communications.* 


TREATMENT OF CHRONIC HEART DISEASE BY TOTAL 
ABLATION OF THE THYROID GLAND*t 


VII. THe Heart In ARTIFICIAL MYXEDEMA 


Davin Davis, M.D., A. A. WEINSTEIN, M.D., J. E. F. Riseman, M.D., 
AND HERRMAN L. BLuma@art, M.D. 
Boston, Mass. 


— of the heart in spontaneous myxedema* 1% 21) 26 28 9% 34 qur- 
ing the past decade have demonstrated that (1) the heart size, as 
measured by the seven-foot roentgenogram, is increased; (2) the volt- 
ages of the P, T, and QRS waves of the electrocardiogram are frequently 
diminished 3% *5 and (3) eardiae contractions are less vigor- 
ous.” °° Opinions differ concerning the clinical significance of these 
alterations. Zondek** ** and Fahr™ maintain that cardiac function is 
often impaired in patients with myxedema having such changes. Chris- 
tian,’ Willius and Case,?° Means, White and Krantz,”* 
however, studied a total of three hundred patients with myxedema and 
concluded that heart function is rarely, if ever, impaired. From a re- 
cent review of the literature and a comprehensive study of thirty addi- 
tional cases at the Massachusetts General Hospital, Lerman, Clark and 
Means”’ conclude that ‘‘myxedema heart’’ in the sense of heart failure 
occurs rarely, if at all. The studies of the above investigators were 
confined almost entirely to patients without cardiovascular disease. 

In treating patients with chronic heart disease and other conditions 
by inducing hypothyroidism by total removal of the normal thyroid 
gland, we have been able to study the development of the cardiovascular 
changes associated with the development of myxedema. Two aspects of 
the heart in myxedema have been investigated: first, the character and 
rate of development of the changes in heart size and electrocardio- 
graphic tracings; and, second, the significance of these changes in terms 
of cardiae function. Studies before, and at varying intervals after, 
total thyroidectomy have been made in three groups of patients: one 
group comprising patients with congestive heart failure at the time of, 
or just before, operation; the second group, patients with angina pec- 
toris; and the third group, patients with no evident functional or ana- 
tomical abnormalities. The rationale, technic, and therapeutic results of 
total thyroidectomy in patients with chronic heart disease and no thyro- 


37 


*Read in part before the New England Heart Association, January 29, 1934. 

+From the Medical Service and Medical Research Laboratories of the Beth Israel 
Hospital and the Department of Medicine, Harvard Medical School. The expenses of 
this investigation were partly defrayed by the William W. Wellington Memorial Re- 


search Fund. 


| 
i 
| 
| 
| 
17 


18 THE AMERICAN HEART JOURNAL 


MATERIAL AND METHODS 


Thirty-seven patients in whom total thyroidectomy was performed have been 
studied.* Clinical observations on some of these patients have been reported; ob- 
servations on the others are to be reported later. The ages of the patients varied 
from fourteen to sixty-six years; twenty-three were males, and fourteen females. 
Twenty-two patients showed congestive failure at the time of, or prior to, operation; 
ten had angina pectoris without congestive failure; one had uncontrollable paroxysmal 
auricular fibrillation; and four had no cardiovaggular disease, the operation having 
been performed for other reasons. A persistently low basal metabolic rate was ob- 
tained in every case after thyroidectomy. 

The degree and progress of the hypothyroid state in the subjects of this investiga- 
tion have been judged by the following indices: (1) basal metabolic rate; (2) 
velocity of blood flow; (3) serum cholesterol; and (4) clinical observations. Each 
of these measurements, together with blood pressures and heart rates, was obtained 
before and at appropriate intervals after thyroidectomy. 

The data on the heart size and the electrocardiographic tracings have been analyzed 
in reference to the degree of hypothyroidism as evaluated on the basis of all these 
four factors. The postoperative period of study varied in the different patients from 
one and one-half to twelve months. The earliest postoperative observations on 
electrocardiographice tracings and heart size were made within the first month after 
operation. 

Teleroentgenograms were taken in the standard manner at the height of inspira 
tion; since appreciable change in the position of the diaphragm may produce ap- 
parent changes in heart size. Measurements of the internal diameter of the chest 
were made to evaluate approximately the position of the diaphragm in successive 
films. The three standard leads of a No. 2 Hindle electrocardiograph were used. 
Basal metabolic rate measurements were made in duplicate with a Collins-Benedict 
Roth apparatus, and results caleulated according to the Aub-DuBois normal stand- 
ards.1 The values reported are the average of duplicate analyses which checked 
within 5 per cent. The preoperative values represent the average of. several such 
measurements on different days. Measurements preoperatively and during the first 
three to six postoperative weeks were made while the patient was in the hospital. 
When studied after discharge from the hospital, the patient rested quietly in bed 
from one-half to one hour before measurements were made. Serum cholesterol 
measurements were made in duplicate by the method of Myers and Wardell29 using 
the continuous extraction apparatus described by Ling.22. Blood was drawn from 
the antecubital vein with minimal stasis, after a fast of fourteen hours or more. 
The arm-to-tongue circulation time, as measured by the decholin method of Winter- 
nitz, Deutsch and Brull4® was used as an index of the velocity of blood flow. The 
heart rates were measured in the basal state. Blood pressure measurements were 
made by means of a standard mereury manometer with a cuff 14 em. wide. The 
readings represent the mean values of repeated measurements made with the patient 
at rest. The above measurements and clinical observations at various time intervals 


were obtained on the same day or subsequent days. 


FACTORS EMPLOYED IN GAUGING THE DEGREE OF HYPOTHYROIDISM 
Although measurement of the basal metabolism is the most useful 
single estimation available for evaluating the degree of thyroid activity, 
the basal metabolic determinations fail at times to conform to those ex- 


*All operations were performed by Dr. David D. Berlin. 
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pected from clinical studies. For example, no clinical evidence of re- 
duced thyroid activity may be manifest in certain patients whose basal 
metabolic rates are reduced as low as 25 or even 35 per cent below tlie 
average normal.** On the other hand, the administration of dinitro- 
orthocresol or dinitrophenol'* ** to patients with myxedema may in- 
crease the metabolic rate, with little or no influence on the clinical signs 
and symptoms of myxedema. The rise in metabolic rate after the ad- 
ministration of dinitrophenol or dinitro-orthocresol to normal persons 
or to patients with myxedema is not accompanied by the nervous symp- 
toms and cardiovascular manifestations which are subsequent to thyroid 
administration.’* °° In the light of these facts, the metabolic rate must 
be considered merely one expression of the underlying hypothyroid 
state. 

The importance of the serum cholesterol value as an aid in estimating 
the degree of spontaneous myxedema has been stressed by Hurx- 
thal,’ and the findings in artificial myxedema will be deseribed by 
us in a forthcoming communication."* In some patients the height of 
the serum cholesterol was in closer agreement with the clinical signs and 
symptoms of hypothyroidism than the basal metabolie rate (Cases 5, 
12, 15, 16). 

The relation between the metabolic rate and velocity of blood 
flow in health and disease has been described in previous communica- 
tions.* In patients with cardiovascular disease and a normal 
metabolic rate, the velocity of blood flow is slowed according to the de- 
gree of circulatory ingufficiency. The blood flow may be similarly slowed 
in patients with no cardiae failure but with the low metabolic rates of 
myxedema. The velocity of blood flow in the latter patients is a further 
index of the degree of hypothyroidism. 

The development of clinical signs and symptoms of hypothyroidism 
following operation usually indicated roughly the degree of the hypo- 
thyroid state. As the basal metabolic rate became significantly lowered 
following operation, mild signs and symptoms, such as dryness of the 
skin, slow growth of hair, slight hoarseness, and coldness of the ex- 
tremities, appeared. The interval between operation and the develop- 
ment of these signs and symptoms and of a markedly reduced basal 
metabolic rate varied usually from three weeks to two months. These 
early symptoms caused little or no discomfort and did not require thy- 
roid medieation. As the basal metabolic level continued at or below 
approximately minus 30 per cent, many patients showed weakness of 
the legs, puffiness of the face and hands, drowsiness, and irritability. 
These ‘‘untoward symptoms’’ of myxedema were controlled by means 
of small doses of thyroid (Armour’s), one-eighth to one-half grains 


daily. 
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CHANGES IN THE SEVEN-FOOT ROENTGENOGRAM 

The relationship of the degree of hypothyroidism to the changes in 
the seven-foot roentgenogram is summarized in Table I. Cases are 
arranged in the order of decreasing changes in cardiae transverse di- 
ameter. The first group comprised twenty-two patients with congestive 
failure due to various types of heart disease (Table I). The heart size 
and electrocardiograms, preoperatively, showed varying deviations from 
the normal. In twenty of these cases the transverse cardiac diameter 
was greater than one-half the internal chest diameter. Following thy- 
roidectomy, the transverse cardiae diameter increased more than 0.5 em. 
in fifteen patients, showed no change in three patients and decreased 
more than 0.5 em. in four patients. The greatest increase in size was 


Increase in Heart Size 
Thyroidectom Little Change in Heart Size 
8% Mo.after Total Thyroidectomy 12 Mo. after Total Thyroidectomy 


e 


MR. V.BF. Chest Diam. 
BMR. ¥% Chest Diam. sec. cm. 
cm. 
Pre-op. -9 20 22 Pre-op. ~| 45 29.6 
Post-op. -32 22.2 Post-op.-26 40 29,2 
Fig. 1. Fig. 2. 
Fig. 1.—Silhouettes of heart before and after operation in Case 1. Black line repre- 


sents preoperative cardiac outlina; dotted line, silhouette twelve months after operation. 

Fig. 2. Silhouettes of heart before and after operation in Case 11. Black line rep- 
resents pre-operative cardiac outline ; dotted line, silhouette twelve months after opera- 
tion. 


2.7 em.; the greatest decrease in size was 1.4 em. The changes in heart 
size observed in the group with congestive failure were the resultant of 
two opposing tendencies: the inerease in cardiac size that takes place 
in myxedema, and the shrinkage in heart size that accompanies the re- 
turn to compensation of a heart previously decompensated. This shrink- 
age varied with the degree of dilatation previously present because of 
heart failure. According to whether one tendency or the other pre- 
dominated, the heart size of the different patients in this group with 
congestive failure decreased, increased, or showed little or no change. 
(Figs. 1, 2, and 3.) 

The second group comprised ten patients with angina pectoris and 
one patient with angina pectoris produced by paroxysmal auricular 


5.0 
58 
~ 12.8 
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fibrillation (Table II). In five cases the transverse cardiae diameters, 
preoperatively, were greater than one-half the internal chest diameters. 
After operation eight patients showed an increase of 0.5 em. or more 
in the transverse cardiae diameter, coincident with the drop in metabo- 
lism, and three showed no change. 

The third group comprised patients with no heart disease (Table 
III). Three of the four patients showed an increase in the transverse 
eardiae diameter, the greatest increase being 2.8 em. (Case 34). 

THE RELATION OF CHANGES IN HEART SIZE TO CHANGES IN THE BASAL 

METABOLIC RATE 
The basal metabolie rate gradually decreased after total thyroidee- 


tomy, the maximum decrease occurring usually between the third and 


Decrease in Heart Size 
5% Mo. after Total Thyroidectomy 


BMA. V.BF. Y% Chest Diam. 
° sec. cm. 

Pre-op. —3 57 28.2 

Post-op.-20 29 28.4 

Fig. 3.—Silhouettes of heart before and after operation in Case 21. Black line 

represents preoperative cardiac outline; dotted line, silhouette five and one-half 
months after operation. 
the eighth week. An inerease in heart size was observed as early as the 
third week after operation, at which time the metabolic rate had not yet 
reached its lowest level (Cases 4 and 26). The increases in heart size 
following thyroidectomy usually developed coincident with the gradual 


lowering of the basal metabolic rate. Changes in measurements of the 


length and base of the heart usually corresponded with changes in the 


transverse cardiae diameter. Case 3 showed an increase of 0.7 em. as 
22 per cent. 


the basal metabolie rate dropped from plus 5 to minus 22 
With a further drop to minus 27, and later to minus 34 per cent, the 
eardiae diameter showed progressive increases of 1.6 and 2.3 em. re- 
spectively over the preoperative values. In Case 10 there was an in- 
crease of 1 em. as the basal metabolic rate dropped from plus 9 to 
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minus 15 per cent. In Case 11 the basal metabolism remained excep- 
tionally constant from the first to the twelfth month after operation. 
During this time the transverse diameter showed no marked changes, 
although with the initial lowering in metabolic rate during the first post- 
operative month the heart size had increased appreciably. The admin- 
istration of small doses of thyroid, as indicated in Tables I, II, and III, 
caused a prompt decrease in heart size in some patients. 

In patients with congestive failure inereased heart size did not al- 
ways parallel lowering in the metabolic rate. With clinical improve- 
ment, and consequently lessened eardiae dilatation, the heart sometimes 
became smaller. In patients with angina pectoris, however, and in those 
patients with congestive failure who had reached the stage of compensa- 
tion, changes in the metabolic rate were usually accompanied by cor- 
responding changes in heart size (Table I). In Case 4 the basal metabo- 
lie rate had dropped from plus 9 to minus 36 per cent by the end of 
the fourth postoperative week, and the transverse eardiae diameter had 
increased 2.2 em. Two weeks later, after thyroid medication, the basal 
metabolic rate had inereased to minus 23 per cent, and the transverse 
eardiae diameter had shrunk 1.2 em. below its one month diameter. 
Similar responses were seen in Cases 14 and 8. 

In some instances (Cases 5, 7, and 29) the basal metabolic rate was not 
markedly lowered in patients who showed definite clinical manifesta- 
tions of hypothyroidism. In these eases the changes in heart size cor- 
responded to the degree of hypothyroidism as indicated by the elevated 
serum cholesterol values and by the elinieal findings. 


RELATION OF CHANGES IN ELECTROCARDIOGRAMS TO THE DEVELOPMENT OF 
THE HYPOTHYROID STATE 


The electrocardiographie changes following total thyroidectomy have 
been observed in thirty-two patients (Tables IV, V, VI). The case num- 
bers correspond with those of Tables I, II, and III. The voltages of the 
R- and T-waves in all three leads are recorded. The T-wave measurements 
represent the greatest voltage above and below the base line. The elee- 
trical axis was ealeulated according to the method of Einthoven and 
showed no significant variations. Changes in the voltage of T-waves 
in some eases are partly attributable to varying degrees of digitalization 
and of coronary and myocardial disease. Minor variations in the P-R 
and QRS intervals in a few instances may be related to the same factors. 
Definite diminution in the amplitude of the ventricular complexes 
which could not be attributed to the above factors was evident in twenty- 
four of the thirty-two patients studied. In these patients diminution 
in amplitude generally appeared with the first significant drop in the 
The greatest change occurred with 


metabolic rate (Cases 1, 3, and 4). 
In these cases the P-R 


the maximum development of hypothyroidism. 
and QRS interval usually showed no change after operation. 
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THE RELATION OF THE VELOCITY OF BLOOD FLOW TO THE BASAL METABOLIC 
RATE AND TO THE SIZE OF THE HEART 

The slowing in velocity of blood flow. which generally oceurs con- 
comitant with lowering in the basal metabolic rate has been previously 
deseribed.** The same relation was evident in patients with angina 
pectoris and in the subjects without heart disease. (Tables II and III.) 
In patients with congestive. failure in whom the velocity of blood flow 
before operation was slow, the development of the hypothyroid state 
was frequently accompanied by a further slowing in the velocity of 
blood flow. The significance of this, in relation to the clinical improve- 
ment shown by these patients, has been discussed in a previous com- 
munieation.® 

Of twenty-two patients with congestive failure fifteen showed a cor- 
relation between the changes in heart size and the velocity of blood 
flow. In eight of these fifteen patients the transverse diameter of the 
heart inereased and the velocity of blood flow slowed; in five patients 
the velocity of blood flow remained slow and the heart size did not 
change. In two patients the velocity of blood flow increased and the 
heart became smaller. 


BASAL HEART RATE AND BLOOD PRESSURE BEFORE AND AFTER 
TH YROIDECTOMY 
Changes in blood pressure and heart rate after total thyroidectomy 
were variable and striking only in occasional eases.” * Of thirty-three 
patients with either congestive failure or angina pectoris eleven showed 
a decrease, and seven an increase, in heart rate of ten or more beats; 
fifteen showed changes of less than ten beats per minute (Table VIT). 


TABLE VII 


CHANGES IN BASAL HEART RATE AND BLOOD PRESSURE BEFORE AND 
AFTER TOTAL THYROIDECTOMY 


—— — — = 
HEART RATE SYSTOLIC B.P. DIASTOLIC B.P. 

Results in 22 patients with congestive failure 

Decreased 6 10 2 

No change 11 9 12 

Increased 5 1 5 

Insufficient data 0 2 2 
Results in eleven patients with angina pectoris 

Decreased 5 3 2 

No change 4 6 6 

Increased 2 0 1 

Insufficient data 0 2 2 


The above data were analyzed on the basis of changes in heart rate of ten beats 
or more; changes in systolic blood pressure of 20 mm. or more; and diastolic pressure 
of 10 mm. or more. 


Thirteen patients showed a decrease, and one showed an increase in 
systolic blood pressure of 20 mm. of mereury or more. Fifteen showed 
changes of less than 20 mm, of mercury in the systolic pressure. In 


| 


DAVIS ET AL.: TOTAL ABLATION OF THYROID GLAND 37 


four patients data were insufficient. Five patients showed a decrease, 
and six an increase in diastolic blood pressure of 10 mm. or more of 
mereury. Eighteen showed changes less than 10 mm. of mereury in 
the diastolic pressure. 


RELATIONSHIP OF CHANGES IN HEART SIZE AND ELECTROCARDIOGRAPH VOLT- 
AGE TO CARDIAC FUNCTION IN PATIENTS WITH ANGINA PECTORIS 
AND CONGESTIVE FAILURE BEFORE AND AFTER TOTAL 
ABLATION OF THE NORMAL THYROID GLAND 


The significance of changes in heart size, basal metabolic rate, electro- 
-ardiographie tracings, and velocity of blood flow as expressions of the 
hypothyroid state has been briefly reviewed. That such changes do 
not result in impairment in cardiac function has been shown by the 
striking improvement coincident with the development of the hypo- 
thyroid state in patients who, before operation, suffered from chronic 
heart disease. Objective measurements of the degree of functional im- 
provement in such patients have also been made. A modified Master 
and Oppenheimer exercise tolerance test?* was performed by patients 
with congestive failure before and at varying intervals after thyroidec- 
tomy. Patients with angina pectoris undertook similar exercise under 
the standardized conditions elsewhere described.*? After the develop- 
ment of the hypothyroid state patients with congestive failure showed 
a more normal response of blood pressure and heart rate to the same or 
greater increments of exercise than was evident before operation (Ta- 
ble VIII). Patients who showed marked dyspnea and collapse on exer- 
cise before operation experienced little or no distress when the test was 
repeated after thyroidectomy. Similarly, patients with angina pectoris 
no longer experienced attacks of chest pain on exercise under conditions 
which invariably produced anginal attacks before operation, in spite of 
increases in heart size and diminution in voltage of the electrocardi- 
ographie tracings (Table IX). The tests outlined herein are examples 
of many others to be published in forthcoming publications. The in- 
ereased capacity for exercise demonstrated by these patients usually 
paralleled the slowing of the velocity of blood flow as the basal metabolic 
rate fell. 

DISCUSSION 

In previous communications the treatment of intractable heart dis- 
ease by total thyroidectomy was demonstrated as a feasible and effective 
procedure in patients without clinical or pathological evidence of hyper- 
thyroidism. From previous studies the conclusion had been drawn that 
by reducing the basal metabolism in patients with heart disease one 
would lessen the metabolic and circulatory demands of the individual 
so that the previously reduced circulation would become adequate to 


the decreased needs of the body. 
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The same considerations of supply and demand for blood underlie 
the rationale for total ablation of the thyroid for relief of angina pee- 
toris. When the work of the heart is augmented, as in exercise, there 
must be a rise in coronary circulation. If, because of arteriosclerotie 
narrowing of the coronary vessels or other causes, the coronary cireula- 
tion cannot increase in accord with the inereased needs of the heart, 
anoxemia develops and angina pectoris ensues.*> After the develop- 
ment of hypothyroidism following total thyroidectomy, the heart at rest 
requires less coronary blood flow and ean therefore withstand a greater 
increment of work before reaching the upper limit of cireulation set by 
the relatively fixed coronary vessels. 

Since the inception of this work twenty patients with angina pec- 
toris and forty-five patients with various types of congestive failure have 
undergone operation. With the development of hypothyroidism, most 
of these patients have shown definite clinical evidence of relief of con- 
gestive failure and angina pectoris, notwithstanding changes in heart 
size and electrocardiographie voltage characteristic of hypothyroidism. 

The foregoing observations on artificial myxedema after total thy- 
roidectomy in patients with congestive failure have shown that the 
changes in heart size are evidently the result of two opposite factors: 
(1) the effeet of the hypothyroid state tending to inerease the size of 
the heart; (2) the restoration of circulatory compensation tending to 
decrease the size of the heart. The heart size of the individual patients 
in this group decreased or inereased according to which factor pre- 
dominated. In some patients the two opposing tendencies evidently 
counterbalanced each other, for the heart size remained unaltered. 
These variable changes are in contrast to the almost invariable tendency 
of the heart to increase in size in patients with spontaneous myxedema 
who had no congestive failure.” Similarly electrocardiographie changes 
typical of myxedema were present in only fourteen of twenty patients 
with congestive failure. 

In patients with angina pectoris in whom the factor of shrinkage of 
the heart with restoration of circulatory compensation was not operative, 
and in patients without heart disease in whom artificial myxedema was 
produced, increased heart size and diminished voltage in electrocardio- 
graphie tracings occurred more often. Eight of eleven patients with 
angina pectoris showed an increase in heart size, and three no change 
Three of four patients without heart disease showed these changes. 


In this study the character, rate, and extent of development of changes 
in heart size and electrocardiographie voltage coincident with the de- 
velopment of the hypothyroid state could be followed from the time of 
their first appearance. By means of simultaneous observations of the 
basal metabolie rate, blood cholesterol, velocity of blood flow, and de- 
velopment of clinical signs and symptoms of myxedema, it was possible 
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to study accurately the degree of hypothyroidism. It became evident on 
the basis of these indices that the rate and extent of development of 
change in heart size and electrocardiographie voltage paralleled the de- 
velopment of the hypothyroid state. These changes were usually not 
progressive over periods of study as long as three to twelve months if 
the metabolism was maintained at about minus 30 per cent by the ad- 
ministration of thyroid. Our observations indicate that the increase in 
heart size and diminution in voltage of the R- and T-waves in the electro- 
eardiogram which occur in myxedema are an accompaniment and an in- 
trinsie characteristic of the hypothyroid state rather than a secondary 
consequence of myxedema. 

These studies also demonstrate clearly that ‘‘myxedema heart’’ in 
the sense of circulatory failure does not exist as a necessary accompani- 
ment of the hypothyroid state. Most of the subjects of this study had 
suffered serious cardiovascular disease over an extended period of time 
and so might have been expected to show more readily any further im- 
pairment of cardiae function due to the development of myxedema. In 
the presence of increased cardiac size and diminished voltage of the 
electrocardiogram, however, signs and symptoms of congestive failure, 
rather than becoming more prominent in these patients, disappeared. 
That the increased cardiac size due to hypothyroidism does not sub- 
sequently cause functional impairment is shown by an analysis of the 
clinical course of patients months after operation. The course of the 
patients who showed the greatest increase in heart size is of particular 
interest. Although Patient 1 showed the greatest increase in the trans- 
verse cardiac diameter (2.7 em.), she has experienced striking clinical 
improvement during the twelve months since total thyroidectomy. Prior 
to operation she was confined to bed, having had rheumatic heart dis- 
ease with attacks of congestive failure over a period of twenty-six years. 
At the time of writing, twelve months after total thyroidectomy, her 
‘apacity for work is unmistakably greater than at any time sinee op- 
eration. She is able to perform household duties without dyspnea, is 
no longer orthcpneiec, and at no time has evidenced the signs or symptoms 
of congestive failure. Case 2 was a twenty-seven-year-old man with 
rheumatic heart disease, hemoptysis for seven years, and attacks of 
congestive failure for five years. This patient was a cardiac invalid 
for three years prior to operation. Six months after operation, in spite 
of an increase in heart size of 2.1 em., this patient was up and about 
from eight to ten hours a day without evidence of return of congestive 
failure. Case 4 was a sixty-six-year-old man with syphilis, arterioscle- 
rotic heart disease, and congestive failure of six years’ duration, who had 
been confined to bed or chair for four years. Eight months after op- 
eration, in spite of daily activity, this patient has shown no evidence of 


congestive failure. This patient showed x-ray and electrocardiographie 
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changes typical of hypothyroidism. It is apparent that the eardiae en- 
largement occurring in these patients concomitant with the development 
of hypothyroidism has not impaired eardiae function. 

A similar conclusion may be drawn from a study of the reaction of 
these patients to exereise. Prior to operation patients with congestive 
failure performing standard exercise tolerance tests exhibited marked 
dyspnea, collapse, and an abnormally slow return of blood pressure and 
pulse to normal after the termination of exercise. After operation, in 
the face of inereased eardiae size and diminution in electrocardiographie 
voltage, they were able to accomplish even more work with little or no 
dyspnea and with a more normal physiological response of blood pres- 
sure and pulse. Likewise, patients with angina pectoris no longer ex- 
perienced attacks of pain on exertion in spite of teleroentgenographie 
and electrocardiographie changes typical of hypothyroidism. One may 
conclude, therefore, that ‘‘myxedema heart’’ in the sense of a condition 
aggravating or precipitating attacks of congestive failure or angina 
pectoris does not exist in patients with induced hypothyroidism in whom 
the basal metabolie rate is maintained at about minus 30 per cent. 


SUMMARY AND CONCLUSIONS 


1. Observations are presented concerning the rate and character of 
changes in heart size in thirty-seven patients, and changes in electro- 
eardiographie voltage in thirty-two patients in whom artificial myxedema 
was produced by total ablation of the normal thyroid gland. These 
patients were observed from one and one-half to twelve months after 
operation. 

2. The degree of the hypothyroid state was estimated by measure- 
ments of the basal metabolie rate, velocity of blood flow, blood choles- 
terol, and the signs and symptoms of myxedema. Changes in heart 
size and electroeardiographie voltage were interpreted on the basis of 
these indicés. 

3. After total thyroidectomy, fifteen of twenty-two patients with con- 
gestive failure showed an increase of more than 0.5 em. in the transverse 
eardiae diameter, three showed no change, and four showed a decrease 
of more than 0.5 em. Of eleven patients with angina pectoz‘s eight 
showed an inerease in heart size and three no change; of four patients 
with no heart disease three showed an increase in heart size and one 
no change. 

4. The variations in changes in heart size in the patients who had eon- 
gestive failure before operation were the result of two opposing factors: 
(1) the effeet of the hypothyroid state tending to inerease heart size; 
(2) the restoration of cireulatory compensation tending to decrease heart 


size. 
5. Observations on the changes in the electrocardiographie voltage 


| 
| 


DAVIS ET AL.: TOTAL ABLATION OF THYROID GLAND 43 


of P- and T-waves in thirty-two patients gave the following results: 
of twenty patients with congestive failure fourteen showed a decrease, 
five no change, and one an increase in voltage; of eight patients with 
angina pectoris five showed a decrease and three no change in voltage; 
of four patients without heart disease all showed a decrease in voltage. 
6. The rate and extent of increase in the heart size and of deerease in 
electrocardiographie voltage of these patients paralleled the development 
of the hypothyroid state and were a manifestation rather than a see- 
ondary consequence of myxedema. These changes generally showed no 
progression when the metabolism was fixed at a given decreased level 
by thyroid medication, and regressed if the metabolism was raised sig- 


nificantly. 

7. In spite of these changes in heart size and electrocardiogram, the 
patients studied showed a disappearance of signs and symptoms of con- 
gestive failure or of angina pectoris with persistence of improvement 
from three to twelve months, and increased capacity for work as meas- 
ured by standard exercise tolerance tests. 

8. ‘‘Myxedema heart’’ in the sense of a condition aggravating or 
precipitating attacks of congestive failure or angina pectoris does not 
develop when hypothyroidism is produced by total ablation of the nor- 


mal thyroid gland in patients whose metabolism is maintained at about 
minus 30 per cent. 
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THE 


DETERMINATION AND THE SIGNIFICANCE OF 
AREAS OF THE VENTRICULAR DEFLECTIONS OF 
THE EKLECTROCARDIOGRAM*t 


THE 


FRANK Wiison, M.D., A. GARRARD Mac.Leop, M.D., 8. BARKER, 
M.D., AND FRANKLIN D. JoHNston, M.D. 
ANN Arbor, MIcH. 


T IS the purpose of this article to describe a method of analyzing the 
| electrocardiogram which has not been employed hitherto and which 
yields information not obtainable in other ways. This method is based 
upon the measurement in suitable units of the areas of the electro- 
eardiographie deflections in the three standard leads. The data so ob- 
tained are used to determine the mean electrical axis of the heart during 
the inseription of the QRS deflections, of the T deflection, and of the 
ventricular complex as a whole. The mean electrical axis during the 
inseription of the auricular complex may be determined by the same 
method. 

Methods. We may illustrate this method by applying it to the electro- 
‘ardiogram reproduced in Fig. 1, which is a characteristic example of 
the curves seen in bundle-branch block of the common type. In this 
instanee two string galvanometers were employed, and Leads II and 
III were each recorded simultaneously with Lead I. The original curves, 
taken on film, were enlarged approximately six diameters by projection. 
The ventricular complex as it appeared in each lead was then traced 
(Fig. 2) on thin paper by following the lower margin of the string 
shadow with a sharp pencil. Due care was taken to place each of the 
three tracings in its proper relation to the zero level, represented by the 
horizontal line J//7’, and to the vertieal line VV’, which marks the be- 
ginning of the QRS interval. 

It is desirable that the areas of the electrocardiographic deflections 
should be expressed in units that do not vary in value with the film 
speed or with the string sensitivity employed in recording individual 
eurves. The larger rectangles defined by the vertical and horizontal eo- 
ordinates in Fig. 1 are 5 mm. in height and extend lengthwise over an 
interval of 0.2 second. Since the introduction of one millivolt into the 
string cireuit produced a deflection of exactly one centimeter, the area 
of each of these rectangles is equivalent to that of a deflection 100 micro- 


*From the Department of Internal Medicine, University of Michigan Medical 
School. 

7A preliminary report based upon the material presented in this article was pub- 
lished in the Proc. Soc. Exper. Biol. & Med. 27: 591, 1930. See also Wilson, Macleod, 
and Barker: Tr. Assoc. Am. Physicians 46: 29, 1931 
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volts in amplitude and one second in duration, or to 100 microvolt-see- 
onds (m.v.s.). The smaller rectangles are each equivalent to four such 
units of area. After tracing each ventricular complex the corners of 
the projected image of one of the larger rectangles lying in the same 
vertical section of the film were marked by small dots, which were sub- 
sequently connected by straight lines. Only two such rectangles appear 
in Fig. 2, because in this instance the even spacing of the time lines made 
a third unnecessary. 

When the tracings were completed, they were mounted on cardboard 
to prevent creeping of the thin paper, and two vertical lines were drawn, 
one at the end of the QRS interval and the other at the end of the 
ventricular complex. The area of QRS and the area of T in each lead 
were then measured with an accurate planimeter. In measuring the 


Fig. 1.—Standard electrocardiogram of the type seen in bundle-branch block of the 
common variety. Upper record: Lead I and Lead II. Lower record: Lead I and 


Lead III. 


former we began at the intersection of the baseline with the line (VV’) 
which represents the beginning of the QRS interval, and followed the 
outline of the curve until the line that marks the end of the QRS interval 
was reached. This line was then followed to the baseline, and the latter 
was traced back to the starting point. In measuring the area of T we 
began at the intersection of the baseline with the line that marks the 
end of the QRS interval. Passing along this last line to its junction 
with the outline of the curve, we followed the latter to the end of the 
ventricular complex and returned along the baseline to the point of 
beginning. This method of measurement gives the net area; i.c., those 
portions of the area that lie below the baseline and are considered neg- 
ative and those that lie above the baseline and are considered positive 
are added algebraically by the planimeter. The area of QRST, the 
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the area of QRS and the area of T. 


microvolt-seconds by dividing each of them by one one-hundredth of the 
area, measured by planimeter in square millimeters, of the large ree- 
tangle traced from the corresponding part of the film, and have been 


arranged in tabular form (Table I). 
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ventricular complex as a whole, was obtained by algebraic addition of 


All areas were then expressed in 
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Fig. 2.—Tracings of the ventricular complexes of the curves shown in Fig. 1. The 
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area measurements were made with a planimeter. 


TABLE I* 


I II III ANGLE 
QRS 67.3 ~33.2 
7 —35.7 18.5 54.2 130 
QRST 31.6 ~14.7 ~46.3 ~48 


*Areas in microvolt-seconds of the ventricular deflections 
shown in Fig. 


MANIFEST 
AREA 


102.5 
55.0 
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In eases in which the curves have been inaccurately standardized, the 
appropriate corrections must, of course, be made. It is clear that the 
area of any deflection or group of deflections in Lead II must equal the 
sum of the areas of the deflections inscribed in Leads I and III during 
the same interval. This rule is a necessary consequence of Einthoven’s 
equation, which states that at any instant the deflection in Lead II must 
equal the sum of the deflections in the other two leads. It is very useful 
as a check upon the accuracy of the area measurements. It is not es- 
sential that two or more leads be taken simultaneously; the method de- 
scribed may be successfully applied when the three leads are taken in 
rotation in the ordinary way. When this is done, curves which show 
large respiratory variations in the form of the ventricular complex 
should be avoided. Otherwise, it may be necessary to measure several 
complexes in each lead in order to obtain figures in accord with the 
rule mentioned. In many instances we have made enlarged photographie 
prints, instead of tracings, of the original curves, and this method is to 
be preferred as the more accurate. The prints should be mounted to 
prevent curling. The proper location of the baseline is a matter of the 
greatest importance. A slight error in placing this line may be re- 
sponsible for a large error in the measurement of the area of the T-wave 
which rests upon a broad base. It is therefore best not to attempt to 
measure curves in which the baseline shifts or in which, for some other 
reason, its position cannot be exactly determined. 

The mean electrical axis and the manifest area. Einthoven and his 
associates’ have shown that the resultant electromotive foree developed 
by the heart at any instant may be represented by an electric dipole 
or doublet located at the center of an equilateral triangle. The right 
arm, left arm, and left leg are represented by the apices of this triangle, 
and the three standard electrocardiographie leads by its three sides. 
The position of the axis of the doublet, which may be referred to as the 
instantaneous electrical axis of the heart, is defined by the angle a which 
it makes with the side of the triangle corresponding to Lead I. The 
potential difference that this doublet would produce in a given lead if 
its axis were parallel to the corresponding side of the triangle is referred 
to as FE, the manifest potential difference. If a segment of length FE 
is laid off upon the electrical axis, the deflections in the three leads 
will be given by the projections of this segment upon the three sides 
of the triangle. When the deflections in any two leads are known, the 
angle a and the manifest potential difference may be determined by 
several methods. 

If, in like manner, we represent the mean electromotive force de- 
veloped by the heart during the QRS interval by a doublet at the center 
of Einthoven’s triangle, the axis of this doublet may be referred to 
as the mean electrical axis of QRS. We may lay off on this axis a seg- 
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ment £ equal in magnitude to the manifest area of QRS; i.e., the area 
of the QRS deflections that would be inscribed in a given lead if the 
mean electrical axis were parallel to the corresponding side of the tri- 
angle. The projections of this segment upon the sides of the triangle 
will then give the area of QRS in each of the three leads. If the area 
of QRS is known for any two leads, the inclination of the mean electrical 
axis of QRS and the manifest area of QRS are easily found. The mean 
electrical axis of T, the manifest area of T, the mean electrical axis of 
QRST, and the manifest area of QRST may be defined in the same way 
and may be found by the same methods. From the center of Einthoven’s 
triangle as origin three vectors, representing QRS, T and QRST, re- 
spectively, may then be drawn in such a way that each vector will give 
the position of the mean electrical axis and the magnitude of the man- 
ifest area of the corresponding deflection or group of deflections. The 


QAS -¥92/02.5 mys QAS 72 mvs 
53.0 


Fig. 3.—The position and relative length of the vectors which represent the mean elec- 
trical axis of QRS, of T, and of QRST in Fig. 1 


last of these vectors is the vector sum of the other two. The vectors 
which represent the QRS, T and QRST deflections of the eleectrocardio- 
gram reproduced in Fig. 1 are shown graphically in Fig. 3. The angles, 
which define the directions, and the manifest areas, which give the 
lengths of these vectors, are set down in Table I in line with the measured 
areas from which they are derived. It will be noted that although the 
mean electrical axis of T is separated from that of QRS by an angle of 
approximately 180 degrees, the manifest area of T is only a little more 
than half as great as that of QRS. For this reason the mean electrical 
axis of QRST and the mean electrical axis of QRS have approximately 
the same direction. 

The mean electrical axis and the manifest area of any deflection or 
group of deflections may be determined with approximately the same 
accuracy as the electrical axis and manifest potential difference at a 
given instant. There is no fundamental difference between the method 
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followed in the determination of the former and that employed in the 
determination of the latter. Both methods rest upon the same founda- 
tions and involve the same assumptions. The mean and the instanta- 
neous electrical axis are both resultants and both involve a process of 
vectorial summation; the former differs from the latter in that the sum- 
mation extends over a time interval. 

Significance of the mean electrical axis. The significance that is at- 
tributed to the mean electrical axis naturally depends upon the in- 
terpretation that is placed upon the instantaneous electrical axis. We 
shall adopt the view, originally advanced by Lewis,? that at any in- 
stant during the QRS interval the electrical axis points in the direction 
in which the excitatory process is at that moment spreading along the 
average ventricular muscle fiber. 

This view, which is strongly supported both on the experimental and 
on the theoretical side? * * advances two distinct and independent postu- 
lates. The first of these has to do with the manner in which the electrical 
forces produced by the various muscle units composing the ventricles 
are to be summed in order to find their resultant. It is held that so far 
as the potential differences produced in the three standard leads are 
concerned, the component electrical forces may each be represented by 
a vector and may be added vectorially or according to the parallelo- 
eram law. The electrical axis of the heart is determined in accordance 
with this principle, and the assumptions that permit us to add the 
electrical forees produced in different parts of the heart as if they were 
vectors are the same as those upon which Einthoven’s equilateral tri- 
angle is based. In other words, it is assumed that for practical pur- 
poses we may consider the apices of the triangle distant and equidistant 
from all parts of the heart and that we may consider the body a homo- 
geneous conductor. 

The second postulate has to do with the relation between the orienta- 
tion of the electrical forces associated with the wave of excitation and 
the direction in which this wave is moving. If a constant relation of 
this kind exists, it must follow that at any instant the effective force 
produced by a muscle fiber is fully determined within that portion of 
the fiber which is in the process of passing from the resting to the 
active state. The extent and position of the remaining portions of the 
fiber are immaterial. It is implied that if two adjacent elements of a 
muscle fiber differ in their state of activity, one being nearer to or 
farther from the resting state than the other, there must be an electro- 
motive force across and normal to the plane that separates them. 

Theoretical effects produced by a muscle fiber suspended in air. Bear- 
ing these postulates in mind, we may attempt to evaluate the more im- 
portant factors that determine the areas of the electrocardiographie de- 
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flections. This purpose will be most easily accomplished by discussing 
theoretical experiments upon single cardiac muscle fibers. It will be 
convenient to employ the terminology of the so-called membrane theory, 
and to assume in accordance with this theory that a resting muscle 
fiber is surrounded by a polarized* membrane which is partly or com- 
pletely depolarized when the fiber becomes active, and is repolarized 
when the fiber returns to the unexcited state. 

Let us first consider a curve of the kind obtained by leading directly 
from muscle strips removed from their natural surroundings and sus- 
pended in air. Imagine that it were possible to isolate a single cardiac 
muscle fiber and place it in contact with two nonpolarizable electrodes 


f 


Fig. 4.—Diagram illustrating the electrical effects produced bv excitation of a muscle 
fiber suspended in air. 


arranged as in Fig. 4 and eonnected to the terminals of a sensitive 
galvanometer or electrometer. For our present purpose we may disre- 
gard such complications as arise from the presence of a film of fluid on 
the outside of the fiber and consider the electromotive force in the 
galvanometer circuit proportional to the electromotive force in the cir- 
cuit GRMLG, and therefore to the difference between the intensity of 


*A membrane or surface may be referred to as polarized when it displays equal 
and opposite electrical properties on its two sides. A muscle element is polarized 
when it exhibits equal and opposite properties at its two ends. If a polarized body 
is placed in an electric field in such a way that the lines of force and the direction 
in which the body is polarized are perpendicular, the intensity to which a given ele- 
ment of the body is polarized is measured by the moment of the couple acting upon 
that element divided by the product of its volume and the strength of the field. In 
the case of a polarized membrane or surface the intensity of polarization may be 
defined as the electrical moment per unit area per unit strength of field. Across a 
polarized surface there is an electromotive force proportional to the intensity of 
polarization‘. 
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polarization beneath the electrode at R and the intensity of polarization 
beneath the electrode at L. If the intensity of polarization is the same 
at both points, this electromotive force will be zero; if it is less beneath 
one electrode, that electrode will be relatively negative with respect to 
the other. 

It should be observed that in effect there is an electromotive force 
across every boundary that defines a difference in the intensity of polar- 
ization. If for example, a plane through M divides the muscle mem- 
brane into two parts, one of which is polarized to an intensity P, and the 
other to an intensity P., the electromotive force in all leads from the 
external surface will be the same as if a surface coinciding with that 
portion of the specified plane lying inside the fiber were polarized to an 
intensity P.-P,. Where there is a gradient in the intensity of polariza- 
tion over a given portion of the fiber, the effect is the same as if that 
portion of the fiber were polarized in a direction parallel to the axis 
of the fiber. 

If the electrodes (Fig. 4) are sufficiently close together, the curve 
recorded when the muscle is stimulated at A will consist of a sharp 
initial deflection (7) corresponding to the QRS deflections of the ven- 
tricular complex, and a broader final deflection (/') corresponding to 
the T-wave. This diphasie curve may be considered the algebraic sum 
of two monophasie curves, one of which (abcd) represents the curve 
that would be obtained if the passage of the excitation wave produced 
no change in the intensity of polarization beneath the electrode at LZ, 
and the other (efgh) the curve that would be obtained if it produced 
no change in the intensity of polarization beneath the electrode at R. 
The first of these monophasic curves would actually be recorded if the 
excitatory process were initiated at A and blocked between R and L. If 
the excitation wave were blocked between Z and B, the second could be 
obtained by transferring the electrode at R to the latter point. If the 
electrodes are so close together that depolarization is complete at L be- 
fore repolarization begins at R, the initial deflection (J) of the diphasic 
curve may be ascribed to the depolarization, the final deflection (/’) to 
the repolarization process. 

It is easily shown that if, as a result of the passage of the wave of 
depolarization or the wave of repolarization along the fiber, the in- 
tensity of polarization changes in the same manner and to the same 
extent beneath both electrodes, the area of the resulting deflection is pro- 
portional to the magnitude of the change and to the time required by the 
process producing it to spread from the first electrode to the second, but 
does not depend upon the form of the curve that represents the manner 
in which the change takes place. We may sum the two monophasic 
curves algebraically by reversing the sign of the second (efgh) and 
subtracting the ordinates of the resulting curve (ef’g’h) from those of 
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the first (abcd). The area of the initial deflection (J) of the diphasie 
curve will then be represented by the area abf’e and the area of the 
final deflection (#’) by the area cg’hd. If the curve ab and the curve ef’ 
are alike in form, the first of these areas is equal to that of a rectangle 
of which aa’ is one side and ae the other; if the eurve cd and the eurve 
g’h are alike in form, the second area is equal to that of a rectangle of 
which aa’ is one side and dh the other. It is therefore clear that, pro- 
vided it does not change from point to point, the form of the curve 
that represents the manner in whieh depolarization takes place cannot 
affect the area of the initial deflection 7. If the form of the curve that 
represents repolarization does not vary, it cannot affect the area of the 
final deflection F. 

The sum of the areas of the initial and final deflections (J and F’) of 
the diphasie curve must be equal to the sum of the areas of the two 
monophasic curves (abcd and efgh). If the areas of the latter are alike 
in absolute magnitude, the area of F must be equal in magnitude but op- 
posite in sign to the area of J, and the sum of these areas must be zero. 
This sum must always measure the difference in absolute magnitude be- 
tween the two monophasic curves; if it is not zero, we may conclude that 
the curve abcd and the curve ef’g’h differ in form. There is then a dif- 
ference between the changes in the intensity of polarization produced 
by the excitation process at R and those produced by this process at L. 
Such a difference in the behavior of the muscle beneath the two contacts 
must depend chiefly, if not entirely, upon factors that do not affect the 
muscle as a whole but act upon it locally. 

Excitation at R may differ from excitation at Z either as regards the 
magnitude of the change in the intensity of polarization produced, the 
duration of the excited state, the form of the curve that represents de- 
polarization, or the form of the eurve that represents repolarization. A 
large difference in the magnitude of the change in the intensity of po- 
larization must produce pronounced displacement of that segment of 
the diphasie curve which is inscribed immediately after the initial de- 
flection (7) ends. In our subsequent discussion we shall assume that 
no such displacement is present and shall speak of the effects produced 
by loeal variations in the excitatory process as if they were due solely 
to a gradient affecting the duration of the excited state; in other words, 
to a difference between the velocity of the wave of depolarization and 
the velocity of the wave of repolarization. There is no apparent reason 
for supposing that the sum of the areas of the two monophasic curves 
and, therefore, of the initial and final deflections of the diphasie curve 
is dependent upon the point of stimulation or upon the distance between 
the electrodes. 

Theoretical effects produced by a muscle fiber immersed in a conduct- 
ing medium. We may think of a muscle fiber as made up of an arbitrary 
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number of muscle units or elements placed end to end, and of the effects 
produced by excitation of a muscle fiber as the sum of the effects pro- 
duced by excitation of the elements of which it is composed. The electro- 
motive foree generated by a single element at a given instant is pro- 
portional to the difference in the intensity of polarization at its two 
ends. We may regard the curve abcd (Fig. 4) as representing the 
changes in the intensity of polarization that take place during excita- 
tion at one end of the element and the curve ef’g’h as representing the 
changes that occur, after an interval ae, at the other end. The electro- 
motive force generated by the element will then be represented by the 
eurve JF. The difference in potential between two electrodes in contact 
with a muscle fiber suspended in air is proportional to the algebraic sum 
of the electromotive forces generated by all the muscle units lying be- 
tween the electrodes. Upon this potential difference the electromotive 
forees generated by the other elements of the fiber have no effect. 

If, however, the muscle fiber is immersed in an extensive conducting 
medium, the situation is entirely different. Every muscle element pro- 
ducing an electromotive foree will then contribute in some measure to 
the potential difference between the electrodes, which may be placed 
in contact with the fiber or merely in contact with the medium in which 
it is immersed. The electromotive foree produced by a given element 
may be represented by a dipole or doublet located inside the element and 
so placed that its axis coincides with that of the muscle fiber. The 
strength of this doublet must be made proportional to the cross-sectional 
area of the element, to its length, and to the difference in the intensity 
of polarization at its two ends. If the medium about the fiber is suf- 
ficiently extensive, the effect of the doublet upon the potential of an 
electrode at any point will vary inversely as the square of the distance 
from the electrode to the element and directly as the cosine of the 
angle between the axis of the doublet and the line drawn from the 
electrode to the center of the element. 

Assuming that the relative position of the electrode and the muscle 
element does not change, the only variable factor among those that de- 
termine the effect exerted by the latter upon the potential of the former 
is the difference in the intensity of polarization at the two ends of the 
element. Since this varies in accordance with the curve /F (Fig. 4), 
this curve may be regarded as representing the variations in potential 
of a single electrode, or the variations in the difference in potential 
between two electrodes, produced by the excitation of a single muscle 
element. Every curve obtained from a single fiber or from a group of 
fibers must therefore represent the algebraic sum of a very large num- 
ber of curves of this type, varying one from another in sign, in ampli- 
tude and in phase. We may, therefore, conclude that the sum of the 
areas of the initial and final deflections of any curve which represents 
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the excitation of the ventricular muscle is a measure of the effeets pro- 
duced by local variations in the excitatory process, and particularly by 
local variations in the duration of the excited state. 

Effects produced by a muscle fiber located at the center of Einthoven’s 
triangle. Let us suppose that the immersed fiber lies in the wall of the 
heart, and therefore at the center of Einthoven’s triangle. For all prae- 
tical purposes the electrodes at the apices of this triangle may then be 
regarded as equidistant from all the fiber elements. We may therefore 
represent the doublet generated by a given element at a given instant 
by a vector coinciding in direction with the axis of the doublet and 
pointing from the negative to the positive pole. The length of this vee- 
tor must be made proportional to the strength of the doublet at the 
given instant. The doublet represented by the sum of all the vectors 
generated by the different elements of the fiber will then represent the 
electromotive force produced at that moment by the fiber as a whole. 

If each elementary vector is given a length proportional to the prod- 
uct of a given interval and the mean electromotive foree produced by 
the corresponding element during that interval, the resultant veetor will 
coincide in direction with the mean electrical axis of the fiber during the 
given interval and will have a length proportional to the manifest area 
of the deflections produced by the activities of the whole fiber during 
that period. If the fiber is of such a length that depolarization of all 
its elements is complete before repolarization begins at any point, the 
deflections produced by depolarization and those produced by repolariza- 
tion will be separable. The areas of the two sets of deflections in the 
three leads corresponding to the sides of the triangle will then furnish 
the data necessary for the determination of three vectors representing, 
respectively, the effects produced by depolarization, the effects produced 
by repolarization, and the effects produced by local variations in the 
excitatory process. The last of these vectors will be the sum of the other 
two. 

If the cross-sectional area of the fiber is uniform, the vector which 
represents the effects produced by depolarization will coincide in diree- 
tion with, and will have a length proportional to, the sum of the two 
vectors drawn from the point where the fiber first becomes active, the 
point of stimulation, to its two ends. This is true whether the fiber is 
straight or curved. If there are no loeal variations in the excitatory 
process, the inverse of this veetor will have the same direction and the 
same relative length as that derived from the areas of the deflections 
produced by repolarization. 

As an example of the effects produced by local variations in the ex- 
citatory state, consider those produced by a uniform gradient in the 
duration of the excited state. The vector which represents the effects 
produced by this gradient will point from the end of the fiber where 
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WILSON ET AL. : 
systole is longer toward the end where it is shorter, and will have a 
length proportional to the difference in the length of systole at the 
two ends. Neither the direction nor the length of this veetor will be af- 
fected by the location of the point of stimulation. 

An illustration may perhaps contribute to the understanding of the 
principles involved. Let AB (Fig. 5) represent a muscle fiber of uni- 
form cross-sectional area lying in the wall of the heart at the center of 
Einthoven’s triangle. If this fiber is stimulated at C, the effects pro- 
duced by depolarization will be represented by CD, which is the sum of 
the vectors CA and CB; the projections of CD upon the three sides of 
the triangle will be proportional to the areas of the deflections produced 
in the three leads by the depolarization process. Suppose that there is 
a uniform gradient in the duration of the excited state of such kind 


Fig. 5.—Diagram illustrating the electrical effects produced by a muscle fiber lying in 
the body at the center of Einthoven’s triangle (see text). 


that systole is longer at A than at B by an amount equal to the time 
required by the depolarization process to spread from A to B. The 
time required by the repolarization process to spread from C to A 
against the gradient (in the direction in which the systole increases in 
length) will then be double that required by the wave of depolarization, 
and the effects produced by repolarization of this segment of the fiber 
will be represented by the vector AF which is twice as long as CA and 
opposite in direction. The time required by the repolarization process 
to spread from C to B (in the direction in which systole decreases in 
length) will be zero, for repolarization will begin at C and at B at the 
same time. The repolarization of this segment of the fiber will there- 
fore produce no effects whatsoever. The effects produced by the gradient 
will be represented by AB, the vector sum of AE and CD. The projec- 
tion of the vector AB upon any side of the triangle will be proportional 
to the sum of the areas of all the deflections produced in the correspond- 
ing lead by repolarization and depolarization of the muscle fiber. 
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It would be possible to extend this discussion to much more compli- 


cated cases, but space is not available for that purpose. We have en- 
deavored to make clear the course of reasoning which has led us to the 
following conclusions: The mean electrical axis of the QRS deflections 
gives the direction, so far as it can be represented in the plane of Ein- 
thoven’s triangle in which the depolarization process spreads over the 
average element of ventricular muscle. The mean electrical axis of T 
gives the inverse of the direction in which the repolarization process 


Fig. 6.—A continuous record showing the ventricular complexes referred to in 
Table II. This series of complexes was obtained by rhythmic stimulation of the cen- 
tral region of the right ventricle after cutting the right branch of the His bundle. 
Lead I is shown above and Lead III below. 
spreads over the average element of ventricular muscle. The manifest 
area of QRST is a measure of the effects produced by local variations 
in the excitatory process, and the mean electrical axis of QRST gives 
the direction of the line along which these variations are greatest. The 
conclusion that the manifest area and the electrical axis of QRST are 
determined by local variations in the excitatory process and are not 
affected by the order in which the various portions of the ventricular 
muscle pass into the excited state was tested in the following way: <A 
large dog was anesthetized, and the heart was exposed by splitting the 


| 
| 
| 


WILSON ET AL.: VENTRICULAR DEFLECTIONS OF ELECTROCARDIOGRAM 99 


sternum and opening the pericardial sac. The right branch of the His 
bundle was cut, in the usual way, and the characteristic changes in the 
form of the ventricular complex were obtained. The central region of 
the right ventricle was then stimulated rhythmically at a rate only 
slightly different from the heart rate. In this way a series of ventricu- 
lar complexes, transitional in form between the complexes of right 
branch block, and those of the opposite type produced by right ventricu- 
lar stimulation, were recorded (Fig. 6). Leads I and III were taken 
simultaneously, and the areas of QRS and T were measured. These 
areas and the data derived from them are shown in Table II. 

It was anticipated that the area of QRST, in both leads, the manifest 
area of QRST and the mean electrical axis of QRST would remain nearly 
constant. 

The observed variations in these quantities are shown in the table. 
It will be seen that they are of an irregular kind and show no relation 
to the form or the area of QRS. They are probably explained by errors 
in measurement due chiefly to improper placement of the baseline, to 
the movements of the heart produced by rhythmie inflation of the 
lungs, and to a lack of uniformity in the movements of the ventricular 
muscle when contracting. It should also be pointed out that slight 
variations in the form of the T-wave often occur from beat to beat 
without obvious cause; these are due, in all probability, to variations in 
the factors responsible for local peculiarities in the excitatory state. 

In judging the significance of the observed variations in the area of 
QRST, it must be remembered that this area is obtained by the algebraic 
addition of the area of QRS and the area of T, and is often very small 
in comparison with the absolute magnitude of the area that must be 
measured to determine its value. In the ease of Complex 2 (Table 1) 
the area of QRST in Lead III was found to be 36.5 m.v.s. The mean 
value of the area of QRST in this lead was 25.0 m.v.s. The difference 
between the maximum value (36.5) and the mean value (25.0) is, there- 
fore, approximately 50 per cent of the latter. The former value (36.5) 
was, however, obtained by measuring the area of QRS, which amounted 
to 136.0 m.v.s., and the area of T, which amounted to 99.5 m.y.s., a total 
area of 235.5 m.v.s. An error of 5 per cent in the determination of this 
total area would therefore account for the maximal variation in the 
area of QRST above its mean value observed in Lead III. The max- 
imum variation below the mean value (Complex 10) is less easily ac- 
eounted for. When everything is taken into consideration, however, the 
data obtained in this experiment will be seen strongly to support the 
view that the area of QRST is determined by local variations in the ex- 
citatory process, and is not dependent upon the area of QRS, which is 
determined by the order of ventricular excitation. 
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SUMMARY 

By measuring the areas of the ventricular deflections of the electro- 
eardiogram it is possible to determine the mean electrical axis of QRS, 
which gives the direction in which the excitatory process spreads over 
the average element of ventricular muscle, and the mean electrical axis 
of T, which gives the inverse of the direction in which the recovery 
process spreads over the average element of ventricular muscle. 

If all the ventricular muscle passed through the period of excitation 
in the same time and in the same way, the area of QRS and the area 
of T would be equal in absolute magnitude, but opposite in sign, and 
the area of QRST would be zero. The area of QRST is a measure of the 
electrical effects produced by local variations in the excitatory process. 
The mean electrical axis of QRST gives the direction of the line along 
which these local variations are greatest. 

The local variations in the exeitatory process which determine the 
mean electrical axis of QRST are dependent upon factors that act upon 
different parts of the ventricular muscle with different intensities. They 
are not materially influenced by the course of the excitatory process 
over the ventricular muscle. 
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STUDIES IN RHEUMATIC HEART DISEASE 


AN ANALYsIS OF 119 HEARTS WitH SpecIAL REFERENCE TO THE 
RELATIONSHIP OF AURICULAR FIBRILLATION TO MITRAL VALVULAR 
DEFORMITY AND CERTAIN RHEUMATIC TISSUE CHANGES* 


CLARENCE E. DE LA CHAPELLE, M.D., Irvine Grarr, M.D., AND 
ANTONIO Rottino, M.D. 
New York, N. Y. 


HE problem of the causation of auricular fibrillation has been ap- 

proached by numerous investigators from various points of view. 
Anatomical studies’? have demonstrated no specific lesion. Experi- 
mental and physiological studies’®’ have developed the idea that auriec- 
ular fibrillation is essentially a functional disturbance. It is generally 
conceded, however, that, although it may be a functional disorder, it is 
found more frequently in hearts that have been structurally altered by 
disease than in hearts anatomically sound. More recently statistical 
reports have been made,'*** based mainly on clinical studies and with 
particular emphasis on the varied etiology and prognosis. The general 
consensus of opinion of these analyses has been that there is apparent 
no common etiological factor. 

In this study the problem has been approached from a different stand- 
point. By making an essentially structural study of one form of 
heart disease, namely, rheumatic, an attempt has been made to answer 
certain questions: 1. What is the relationship of the occurrence of auric- 
ular fibrillation to the presence of various grades of mitral stenosis or 
insufficiency? 2. What relationship has the occurrence of auricular 
fibrillation to age at death? 3. What relation has the occurrence of 
auricular fibrillation to the presence and grade of mitral stenosis or in- 
sufficiency in the various decades? 4. What relationship has auricular 
fibrillation to active rheumatic inflammation independent of the grade 
of valvular deformity? 5. Is there any relationship between the oceur- 
rence of auricular fibrillation and the presence of cardiac lesions in ad- 
dition to mitral valvular deformity? 6. To what extent does auricular 
thrombosis occur in hearts with auricular fibrillation, and is there a 
relationship to the degree of stenosis and active inflammation? 7. What 
is the mode of death of patients with auricular fibrillation, and is there 
any relationship to the presence of ‘‘rheumatie inflammation’’? 

To lend significance to the answers to these questions, a group of 
hearts of patients with auricular fibrillation was compared with a larger 


*From the Third (N. Y. U.) Division Pathological Service, Department of Pathology, 
and the Third (N. Y. U.) Medical Division, Bellevue Hospital. 
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one of hearts of patients dying with sinus rhythm. In this way dis- 
cernible differences between the two groups may become apparent. 

The importance of the problem may be further inferred from the 
dicta?* concerning the relative immunity of patients with chronic 
progressive valvular disease and auricular fibrillation to the develop- 
ment of subacute bacterial endocarditis. A similar immunity has been 
noted” 2°? 27 in patients who have severe mitral stenosis. Our inter- 
est in the problem was stimulated by the study of a recent case** which 
was an exception to the former dictum. At that time we believed that a 
parallel which is drawn from the infrequency of the association of sub- 
acute bacterial endocarditis and advanced mitral stenosis on the one 
hand, and auricular fibrillation on the other, must take into account the 
frequency of auricular fibrillation in the various grades of mitral stenosis. 

No attempt was made to duplicate the work of others who have 
studied the neuromuscular tissue, particularly of the sinus node, or its 
blood supply, or the nature of auricular lesions in various types of 
heart disease. 

MATERIAL AND METHODS OF STUDY 


One hundred and nineteen rheumatic hearts obtained at necropsy 
during the past thirteen years from the Third (New York University) 
Medical Division, Bellevue Hospital, were examined. Under this term 
are included those specimens exhibiting evidences of varying degrees of 
valvulitis in association with interstitial, vascular, or serosal inflam- 
matory changes or their end-results, in which no evidence was found 
ot any demonstrable or specific bacterial inflammatory change or purely 
degenerative alterations. 

While the sample is small for purposes of accurate statistical analy- 
sis, it is large, nevertheless, when considered from the standpoint of 
cases coming to necropsy from one medical service.* We are using the 
data for the trends that analysis may reveal. 

All the specimens exhibited some degree of involvement of the mitral 
valve. Not all were from individuals who were known to have suffered 
from heart disease in life. The majority (75 per cent) died of conges- 
tive heart failure; the rest of a variety of diseases. All cases of bac- 
terial endocarditis were omitted, however, regardless of antecedent 
changes. Specimens of so-called pure aortic valve involvement were 
rejected because the etiology could not be determined. Forty-two hearts 
were from eases of established auricular fibrillation (not paroxysmal) ; 
of these, 36 were verified by electrocardiograms. In 27, fibrillation was 
present for more than one month prior to death, in some instances for 
several years, and in the majority for more than six months. Of the 
other 9 eases which had been electrocardiographed, auricular fibrillation 

*With an average bed capacity of 150; material has also been drawn from the 


pediatrics service (average bed capacity of 140) in the past two years since its affilia- 
tion with New York University. 
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was observed in 7 for from one to three weeks before death; the re- 
maining 2 patients died shortly after admission (two to six days) with- 
out a reliable history as to the approximate onset of fibrillation. For 
purposes of this report, 2 cases of established auricular flutter are in- 
cluded, one of three months’ the other of one year’s duration. 

Sex Incidence.—Of the 42 patients with auricular fibrillation, 21 were 
males and 21 females. Among the 77 cases of sinus rhythm, 51 were 
males and 26 females. The sex incidence, therefore, is similar to that 


23, 29 


in recent clinical studies.?" ** 

Age.—The average age at death of the 42 patients with auricular 
fibrillation was forty-three years; the youngest was ten, the oldest 

seventy years of age. The average of those with sinus rhythm was 
thirty-five years; the extremes were seven and eighty years. Because of 
limited pediatric necropsy material, the number of hearts from children 
was small. (Table II shows the distribution of cases according to 
decades. ) 

Incidence of Auricular Fibrillation in Mitral Stenosis—Ninety-six of 
the 119 specimens exhibited some degree of mitral stenosis. In 39 (40 
per cent) auricular fibrillation was present. In the clinical study of 
DeGraff and Lingg,** 50.5 per cent of their 402 rheumatic cardiac pa- 
tients with mitral stenosis developed auricular fibrillation. Of 100 cases 
of mitral stenosis reported by Stone and Feil®® auricular fibrillation 
occurred in 53 per cent. Weiss and Davis* in their report,* including 
paroxysmal auricular fibrillation or flutter, found an incidence of 57 
per cent in 164 necropsied cases of ‘‘the most advanced type of rheu- 
matie eardiae change.’’ 

Criteria for Pathological Diagnosis—The grade of stenosis was esti- 
mated as severe, and slight to moderate. This was an arbitrary group- 
ing, depending upon the diminution in size of the auriculoventricular 
orifice. We have found no single criterion or measurement satisfactory 
for estimating the degree of stenosis. Anyone who has attempted to 
establish the degree of stenosis by measurement is aware of the diffi- 
eulties encountered. For example, one sees stenotic orifices which are 
caused by fusion of only slightly thickened cusps, the ring of the valve 
remaining within normal] limits (Fig. 1). Conversely, one encounters 

*The report by these authors deals with material which is considerably different 
from that presented here. Their finding of “only 66 cases of mitral stenosis of the 
total 164 cases of marked rheumatic heart disease” is at such variance with our data 
that strict comparisons may not be made. As already stated, of 119 consecutive 
hearts of the rheumatic type examined by at least one, and in 90 per cent by all of 
us, mitral stenosis was encountered in 96 cases, mitral insufficiency 7 times, and in 16 
cases inflammatory disease of the mitral valve, although present, was not associated 
with stenosis or insufficiency of the AV orifice. 

To indicate that the discrepancy is not confined to material described here, refer- 
ence may be made to the anatomical studies of valvular disease of Clawson, Bell and 
Hartzell. In a group of 166 hearts which may be termed of the rheumatic type, 18 
were cases of acute rheumatic endocarditis without valvular defects; 18 were identified 
as recurrent rheumatic, and 130 were classified under the term old valvular defects. 
If 32 cases of isolated aortic valve disease and three of isolated pulmonary valve in- 
volvement are omitted on the grounds of indeterminate etiology, a group of 131i hearts is 
set up which may be considered examples of severe rheumatic heart disease. Of 


these 88 had mitral stenosis, 201 mitral insufficiency, 1 aortic insufficiency, and in the 
others disease produced no stenosis or insufficiency. 
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long. narrow, slitlike orifices in which the cireumference, as a result of 
cicatricial shortening of the cusps, approaches that of the ring (Fig. 2). 
Although both measurements may be practically normal, the degree of 
stenosis may be severe due to scarring and fixation in position of the 
cusps. The final decision was based, therefore, upon all the factors 
contributing to anatomical diminution of the auriculoventricular orifices, 
such as the size of the valve opening compared to the size of the ring, 
the degree of approximation of the valve cusps to each other, the degree 
of fusion of the commissural junctions, fixation in position, and the 
presence or absence of free motion of the valve. (See Figs. 3 to 6.) 


Fig. 1. Fig. 2. 


Fig. 3. Fig. 4. 


Figs. 1-4.—Severe atrioventricular valvular stenosis. 

Fig. 1.—(Necropsy No. 16,573) Female, thirty-eight years. Severe “button-hole” 
type of stenosis of the tricuspid valve due to obliteration of the commissures by fusion 
of the cusps. The leaflets are only slightly thickened ; the chordae tendineae are some- 
what thickened put not shortened. The circumference of the valve orifice is much 
smaller than that of the ring. 

Fig. 2.—(Necropsy No. 12,251) Female, thirty-seven years. Severe “fish-mouth” 
type of tricuspid stenosis due to fusion at the commissures and marked rigidity of 
the valve as a result of fibrosis. Because of the retraction of the leaflets with short- 
ening, the circumference of the slitlike orifice approaches that of the ring. The 
chordae tendineae, most of which are not visible in the photograph, are only slightly 
thickened and of normal length. 

Fig. 3.—(Necropsy No. 19,889) Male, fifty-three years. “Funnel” type of severe 
mitral stenosis with cicatricial contraction of both leaflets as well as their chordae 
tendineae. Although there is some retraction of the cusps, the orifice is markedly di- 
minished because of the complete fusion at the commissures and fixation of the leaflets. 
In this instance the valve ring is of normal circumference, but the valve margins are 
approximated to produce the diminuticn of the orifice. 

Fig. 4.—(Necropsy No. 17,384) Male, fifty-one years. An example of severe stenosis 
of the mitral valve with the same relationship of orifice to ring as in Fig. 2 but with 
more marked scarring and rigidity of the cusps. Here, too, the chordae tendineae, al- 
though slightly thickened, are not appreciably shortened. 
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In addition to the 96 specimens with some degree of stenosis, there 
were 16 specimens showing mitral valvulitis without stenosis (Fig. 7). 
There was a third group of 7 specimens in which the mitral valve was 
considered to be anatomically insufficient. in them there was fusion of 
the commissures with marked retraction of the leaflets and shortening 


of the chordae tendineae. In some instances adhesion of the posterior 


Fig. 5. Fig. 6. 
Figs. 5 and 6.—Mild to moderate atrioventricuiar valvular stenosis. 


Fig. 5.—(Necropsy No. 15,687) Male, seventeen years. This photograph illustrates 
mild stenosis of the mitral valve due to thickening of the leaflets with partial fusion 
at the commissures but with definite retraction of the cusps so that the circumference 
of the margin approximates that of the ring. Several chordae tendineae are fused 
and shortened, and practically all are thickened. 

Fig. 6.—( Necropsy No. 17,445) Male, seventy-three years. An example of moderate 
stenosis of the mitral valve due to cicatricial shortening with fusion of the chordae 
tendineae. The cusps are only slightly fused at the commissures and only moderately 
sclerotic. 


Fig. 7.—-Valvulitis without deformity. (Necropsy No. 10,302) Female, fourteen 
years, who died during first attack of rheumatic fever. The photograph presents ver- 
rucous endocarditis of the leaflets of the mitral valve without deformity. Although 
the valve is somewhat edematous, there is no encroachment on the lumen. Most of 
the chordae tendineae are normal in length and thickness. 


cusp to the adjacent wall was found (Fig. 8). These changes made 
valvular closure and stenosis impossible. The finding of various grades 
of auricular dilatation and the presence of endocardial pockets in the 
wall of the left auricle with apertures facing the valve orifice were ac- 
cepted as further anatomical evidence of regurgitation. 
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Ninety-two hearts were available for complete histological study. (Blocks were 
taken after the standardized procedure of Gross, Antopol and Sacks32 consisting of 
10-12, and in most instances 15-18, which included the following sites in the heart: 
all valves and valve rings, pericardium of the left and right ventricles, left and 
right auricles, myocardium of the left and right ventricles, the interventricular 
septum, papillary muscles, base of the aorta and pulmonary artery, the neuromuscular 
bundle, and the coronary sinus.) 

The diagnosis of active rheumatic inflammation33-39 was based on the finding 
of Aschoff bodies with collagenous necrosis or active valvulitis (nonbacterial), either 
superficial (verrucous), deep, or both, with or without active pericarditis. Various 
types of diffuse, nonbacterial valvulitis when associated with varying degrees of 
myocardial interstitial cellular deposits, especially those adjacent to blood vessels, 
varying from the Aschoff body to collections of lymphocytes, plasma cells, eosino- 
philes, polymorphonuclear leucocytes, basophilic mononuclear leucocytes and _histio- 
eytes, were also considered positive evidence of active rheumatic inflammation. 
Recent vascular lesions,35, 49-43 particularly in the aorta, pulmonary artery and smaller 
vessels of other organs, when associated with carditis, were considered evidence of 
active inflammation. Cases were regarded as inactive (healed) when we found 


a, b. 


Fig. 8.—Mitral insufficiency. (Necropsy No. 17,539) Female, twenty-four years. 
An example of anatomical mitral insufficiency in which there is definite thickening of 
the valve leafiets with retraction and adhesion of the posterior leaflet to the underly- 
ing murai endocardium. The chordae tendineae are only mildly thickened and prac- 
tically normal in length. The circumference of the valve margin almost equals that 
of the ring (10 to 10.5 ecm.). 

(a) A view of the intact mitral orifice as seen from above. The auricle was also 
markedly dilated. 

(b) This view presents the valve after section through the midportion of the pos- 
terior leaflet to show the retraction of this cusp in particular and its fusion to the un- 
derlying ventricular wall. The arrow points to a pocketlike structure in the endo- 
cardium of the left auricle. 


perivascular and intrafascicular scarring of the myocardium, scarring and deformity 
of the valves with vascularization, without microscopic evidence of active inflamma- 
tion as described, healed pericarditis, healed aortitis, the latter two findings with 
characteristic lesions elsewhere. 

Several of the specimens which appeared to be inactive grossly presented definite 
evidence histologically of active inflammation, which reemphasizes6-38 the need for 
careful and complete histological studies in deciding on the presence of active 
rheumatic inflammation. Conversely, what appeared to be verrucae grossly, on 
histological study proved occasionally to be healed lesions. Fo? this reason the data 
are analyzed from the standpoint of rheumatic inflammation only in the 92 hearts 
which were available for histological study. 


| 
| 


THE AMERICAN JOURNAL 


HEART 


ANALYSIS OF MATERIAL 


First, what is the relationship of the occurrence of auricular fibrilla- 
tion to the presence of various grades of mitral stenosis or insufficiency ? 
About half of each rhythmie group was associated with severe stenosis, 
and about one-third to one-fourth with mild to moderate stenosis, sug- 
gesting that the rhythm bore no relationship to the grade of stenosis. 
It appears that mitral stenosis or organic insufficiency is necessary, 
however, for the development of persistent auricular fibrillation in 
rheumatic heart disease, since there were no eases without significant 
mitral valvular deformity (Table I). 


TABLE I 


RHEUMATIC HEARTS. DISTRIBUTION OF CASES ACCORDING TO RHYTHM AND GRADE OF 
MITRAL VALVE DEFORMITY 


AURICULA SINUS 
MITRAL VALVE DEFORMITY | TOTALS 


FIBRILLATION RHYTHM 
Severe Stenosis 24 (57%) | 38 (49%) 96 (81%) 
Mild—Moderate Stenosis 15 (36%) | 19 (25%) /o) 
Insufficiency (organic) Fn ( 7%) | ( 5%) 7 ( 6%) 
None | 16 (21%) | 16 (13%) 
Total 42 Bu 119 


Second, what relationship has the occurrence of auricular fibrillation 
to age at death? Of 42 hearts from eases of auricular fibrillation, two- 
thirds were from patients over forty years of age; whereas, of the 77 
specimens from eases of sinus rhythm, about one-third was from indi- 
viduals over forty years of age (Table II). The average age at death, 
as already stated, was forty-three years in the former. <Auricular fibril- 
lation was encountered, therefore, in patients dying with rheumatic 
heart disease with greater frequency after than under the age of forty. 
These figures differ somewhat from those given in the clinical studies of 


Stroud, Laplace and Reisinger®’ and DeGraff and Lingg.** In the 
former, 35.2 years was the average age at death in rheumatic heart dis- 


ease with auricular fibrillation; in the latter it was 40 years. 

This material differs sharply, however, from that employed clinically. 
One reason for the difference may be that a rheumatic etiology was not 
known or even suspected in many cases during life. The clinical studies 
may be deficient in the number of older individuals, since auricular 
fibrillation, as is well known, makes the precise diagnosis of mitral 
stenosis difficult. This series includes patients, furthermore, of all age 
groups whose death was not caused directly by heart disease.* The elin- 
ical studies were limited in all probability to patients treated because 
they were suffering from heart disease and did not include ambulatory 


*Several of the patients died of lobar pneumonia, some of cerebral hemorrhage, 
others of acute appendicitis, carcinoma of the stomach, carcinoma of the breast, acute 
and chronic diffuse glomerular nephritis, Henoch’s purpura, Graves’ disease, sepsis, 
and fractured skull. 
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patients unaware of its presence. Cases of bacterial endocarditis were 
also, as already stated, omitted from this series. In a recent report of 
Stone and Feil*® of 100 autopsied cases of severe mitral stenosis, the 
average age was 40.6 years. 

Third, what relation has the occurrence of auricular fibrillation to the 
presence and grades of mitral stenosis and insufficiency in the various 
decades? When the grades of stenosis in the specimens from the auric- 


ular fibrillation group were compared as to frequency under and over 


TABLE II 


MITRAL VALVE DEFORMITY. CASES ARRANGED ACCORDING TO DEGREE OF DEFORMITY 
AND AGE IN DECADES 


CASES OF AURICULAR FIBRILLA- ); 
. CASES OF SINUS RHYTHM 


MITRAL TION 
VALVE DECADES DECADES 
II | Iv vI | VII I | | Iv Ti 
1 4/5 6/7 | 147 6 3 
Stenosis | 
Mila— 1 6 | 3 273 1 
Moderate 
Stenosis 
Insuffi- | 1 2 1 
ciency } 
16 26 38 23 
[None | 0/0 2] 4] 2] 2] 1 
Under 40 Over 40 Under 40 Over 40 
Severe 10 14 27 11 
Mild—Moderate 4 11 7 12 
Insufficiency 2 1 4 0 
0 0 11 5 


No stenosis 


forty years, stenosis in the younger group was more often severe than 
mild (10 of 14 specimens, ratio of 2.5:1), while over forty years the 
incidence approached equality (14 to 11 hearts). In the sinus rhythm 
group, however, severe stenosis was encountered even more frequently 
under the age of forty (27 to 7, ratio 4:1), over forty years it was like 
the fibrillating group (11 to 12, ratio 1:1) (Table II). There is, in 
short, no relation between the existence of auricular fibrillation and the 
grade of stenosis in various decades. Most cases of severe stenosis under 
forty years fall, moreover, in the sinus rhythm group (27 to 10). 
Fourth, what relationship has auricular fibrillation to active rheumatic 
inflammation independent of the grade of valvular deformity? Of those 
eases of auricular fibrillation which were studied microscopically, 17, 
about half, exhibited some grade of valvular deformity and showed 
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active inflammation; whereas, of 48 cases of sinus rhythm with some 
grade of valvular deformity, 30, or three-fifths, presented evidence of 
active inflammation (Table III). 

Evidence of rheumatic inflammation in eases of auricular fibrillation 
was present in all 12 specimens under the age of forty years, and in 5 
of 19, or one-fourth, over the age of forty years. This group is neces- 
sarily small, because only those cases were admitted in which a histo- 
logical study was made. In eases of normal rhythm, evidence of in- 
flammation (activity) was seen in 34 of 41 hearts under forty years and 
in 8 of the 20 specimens from patients over forty years. It is inter- 
esting that of the 12 cases of auricular fibrillation under forty years 
which were studied histologically, 9 showed active myocarditis, and of 
these 7 had Aschoff bodies; whereas of the 19 cases over the age of forty 
years studied histologically only 4 had active myocarditis and of these 
2 had the submiliary myocardial nodules. In the sinus rhythm group 
of 41 cases under forty years, 25 showed active myocarditis and in 21 
of these Aschoff bodies were found; while of those over forty years, 5 
exhibited active myocarditis and in one there were nodules. These 
findings suggest that in older subjects active rheumatic inflammation is 
not a determining factor in the development of auricular fibrillation. 

When the grade of severe stenosis in relationship to activity is studied, 
active inflammation was found in a ratio of 1.4:1 (10 to 7) in the fibril- 
lation group, and in eases of sinus rhythm, in a ratio of 2:1 (20 to 12). 
In moderate stenosis, activity was found in 5 of 11 specimens from 
eases of fibrillation and in 6 of 12 of sinus rhythm. Of 53 eases under 
forty years there were no inactive cases among the fibrillators, whereas 
in the sinus rhythm group there were 7. Past the age of forty years in 
both rhythmie groups there were 39 cases, and of these 26 were inactive 
by the criteria used. This may be interpreted as showing that wnder 
forty years auricular fibrillation may be a manifestation of rheumatic 
activity in,the presence of rheumatic structural cardiae changes in indi- 
viduals dying in congestive heart failure. 

No special histological features were found differentiating the hearts 
of the fibrillating from those of the sinus rhythm group. A strict his- 
tological comparative examination of the auricles has not been made, 
however, in this study. 

Fifth, is there any relationship between the occurrence of auricular 
fibrillation and the presence of cardiac lesions* in addition to mitral val- 
vular deformity? For the answer to this question the gross material of 
119 specimens has been analyzed again (Table IV). In the auricular 
fibrillation group 57 per cent and in the sinus rhythm group 51 per cent 
showed significant associated cardiac lesions. Aortic valve deformity 
occurred more frequently in the sinus rhythm group (30 times against 


*The other cardiac lesions, both valvular and pericardial, were examined and classi- 
fied using the same criteria employed in the study of the mitral valve, 
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17). It is interesting to note that the relative incidence in each rhythmic 
group for aortie valve involvement is about the same (40 per cent), 
The same is true of combined aortic and mitral valve disease. Adherent 
pericardium occurred more frequently in the sinus rhythm group (14 
times against 7). 

TABLE IV 


DISTRIBUTION OF CASES OF MITRAL VALVE DEFORMITY WITH AND WITHOUT ASSOCIATED 
CARDIAC LESIONS ACCORDING TO LESION, RHYTHM AND THE 


PRESENCE OF RHEUMATIC ACTIVITY 
“AURICULAR FIBRIL- REGULAR SINUS 
LATION RHYTHM 
AC- |INAC-| TO- AC- |INAC-| TO- 
CARDIAC LESIONS TIVE* | TIVE* | TALt || TIVE* | TIVE* | TALt 
Mitral and aortie stenosis + 5 10 13 2 18 
Mitral stenosis; aortic insufficiency 1 | 1 l 2 
Mitral and tricuspid stenosis ] 2 1 
Mitral and tricuspid insufficiency 1 l 
Mitral, aortic, and tricuspid stenosis 1 3 1 1 2 
Mitral stenosis; adherent pericardium 3 l 2 
Mitral insufficiency ; adherent pericardium 3 3 
Mitral and aortic stenosis; adherent peri- ] 1 2 3 2 5 
eardium 
Mitral and tricuspid stenosis; adherent peri- 1 i 
eardium 
Mitral, aortic, and tricuspid insufficiency; 1 l 
adherent pericardium 
Mitral, aortic, and tricuspid stenosis; ad- l l 
herent pericardium 
No mitral valve deformity; adherent peri- ] 
eardium 
No mitral valve deformity; aortic insuf- 2 2 
ficiency 
Mitral stenosis 5 7 16 8 11 27 
Mitral insufficiency 1 1 2 
Mitral valvulitis with no deformity 9 
Totals 17 14 | 42 42 19 77 
Studied histologically. 
7 = Includes cases studied macroscopically only. 


Cases showing organic disease of tricuspid valve (stenosis, insuffi- 
ciency, or both) were encountered more often in the relatively small 
auricular fibrillation group than in the much larger sinus rhythm group 
(8 times against 4). 

In the sinus rhythm group the majority of hearts (26 of 39) with 
multiple lesions appeared below the age of forty years. (Table V.) In 
the auricular fibrillation group they were, however, evenly divided above 
and below forty years. Cases were found in both groups late in life. 
(Table VI.) More active cases with multiple eardiae lesions were found 
in the sinus rhythm group than among the fibrillators, under the age of 
forty years. (Table V.) The relative incidence, however, of active cases 
in each rhythmie group was the same. There was only one case with 
multiple lesions under forty years which was inactive, and it fell in the 
sinus rhythm group. In contrast there were 7 inactive among 12 uncom- 
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plicated cases of mitral stenosis in the sinus rhythm group under the 
age of forty years. As already stated, all the cases under forty years 
among the fibrillating group were active. 


TABLE V 


MITRAL VILVE DEFORMITY. COMPARISON OF CASES WITH AND WITHOUT ASSOCIATED 
CARDIAC LESIONS ACCORDING TO PRESENCE OF RHEUMATIC ACTIVITY, 
RHYTHM, UNDER AND AFTER AGE 40 


AURICULAR 


| 
FIBRILLATION | RHYTHM 
aneieeee "| UNDER | AFTER | UNDER | AFTER 

40 | 40 40 | 40 
Hearts with multiple Gross cases 12 12 | 26 13 
lesions * Active 9 2 | 21 4 
*Tnactive 0 | 6 1 7 
Hearts with mitral valve Gross cases | 4 14 15 12 
deformity alone * Active | 3 3 5 3 
*Tnactive 0 6 7 4 


*Includes only cases studied histologically. 
TABLE VI 


MITRAL VALVE DEFORMITY. DISTRIBUTION IN DECADES OF CASES WITH AND WITHOUT 
ASSOCIATED CARDIAC LESIONS 


AURICULAR FIBRILLATION SINUS RHYTHM 


MITRAL vaLve | MITRAL VALVE | : MITRAL vaLve | MITRAL VALVE 
ALONE | AND ASSOCT- DECADES aneue | AND ASSOCI- 
ATED LESIONS | ATED LESIONS 

3 10-19 3 11 

4 3 20-29 | 4 | x 

6 30-39 8 9 

6 | 5 40-49 4 5 

5 4 50-59. | 3 6 

3 3 60-69 | 4 | 1 

0 70-80 1 1 


Sixth, to what extent does auricular thrombosis occur in hearts with 
auricular fibrillation, and is there a relationship to the degree of stenosis 
and active inflammation? Thrombi were observed in one or both auri- 
eles, or in their appendages in 12 per cent (15 of 119) of all the cases; 
10, or 24 per cent, in the auricular fibrillation group, 9 exhibiting signs 
of active rheumatic inflammation, and 5 in the sinus rhythm group, 3 
being active. Combining both groups, 14 of the 15 specimens presented 
some degree of mitral valvular deformity. Nine showed severe, 5 mild 
to moderate stenosis, and 1 showed anatomical mitral insufficiency. In 
the auricular fibrillation group, 6 of the 10 hearts exhibited severe 
stenosis ; in the sinus rhythm group, 3 of the 5 specimens. (Table VII.) 

The average age in the auricular fibrillation group with auricular 
thrombosis was 39.7 years, the extremes being 18 and 52 years; that in 
the sinus rhythm group was 41.8 years, the extremes 17 and 63. Three- 
fourths of all the cases oceurred in individuals past forty years of age. 

Seventh, what is the mode of death of patients with auricular fibrilla- 
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tion, and is there any relationship to the presence of ‘*‘rheumatic inflam- 
mation’’? In fibrillation, congestive heart failure was the mode of death 
in 88 per cent, whereas in sinus rhythm, it was 68 per cent. Approxi- 
mately half of each group presented histological signs of active rheu- 
matie inflammation. It is of special interest that in the group with 
auricular fibrillation under the age of forty years all died in congestive 
heart failure and showed evidence of active rheumatic inflammation. 


TABLE VII 


AURICULAR THROMBOSIS IN BOTH RHYTHMIC GROUPS 


RHEUMATIC IN- 


RHYTHM | VALVE DEFORMITY 
_| cases | _ FLAMMATION 
| | SEVERE |MODERATE| INSUF- 
| STENOSIS | STENOSIS |FicteENcy | *“CTIVE | INACTIVE 
Auricular fibrillation | 10 | 6 | 3 | 1 9 l 
2 0 3 = 


Regular sinus rhythm 


Evidence of active inflammation was found also in all the sinus rhythm 
cases, with one exception, under forty years dying in congestive failure. 
The exception was an inactive case with acute heart failure occurring 
during labor and associated with paroxysmal tachyeardia. 

The mode of death in the younger patients is undoubtedly referable 
to the more diffuse involvement of the myocardium by the inflammatory 
process. As stated in the answer to question 4, active myocarditis and 
Aschoff bodies are rare findings in the individual past forty years and 
are all too common in those under this age. The older individuals must, 
therefore, be suffering from the effects of disease states superimposed on 
the old rheumatie tissue changes, degenerative changes, or the wearing 
out effects of long-standing organic defects of the heart, as well as dis- 
orders of rhythm. 

COMMENT 


It becomes apparent from the data presented that a number of fac- 
tors play a role in the development of persistent auricular fibrillation 
in rheumatic heart disease. While the grade of stenosis of the mitral 
valve orifice was not found to be related to the presence of established 
auricular fibrillation, some degree of valvular deformity appears to be 
requisite for its appearance (Table I). To reiterate, cases of paroxys- 
mal auricular fibrillation were not included. 

In the material studied, patients over 40 years with auricular fibril- 
lation were encountered more frequently (26 against 16) than were 
those under this age, and more frequently (62 per cent against 36 per 
cent) than eases of sinus rhythm (Table II). Further, cases with mitral 
valvular deformity over the age of forty years occurred more frequently 
in the auricular fibrillation group (26 against 23). These deductions 
tend to show that age (including the duration of the disease) may play 
a determining réle in the development of the abnormal rhythm. 
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Of particular interest, though the cases are few, is the analysis of 
the distribution of active cases. All the patients under the age of forty 
years with auricular fibrillation showed active rheumatie carditis; in 
contrast, 17 per cent were inactive in the sinus rhythm group. Since 
all of the active cases in the auricular fibrillation group died with some 
degree of congestive failure and showed widespread carditis, it may be 
reaffirmed that active rheumatic inflammation either precipitates con- 
gestive failure or by progressive myocardial impairment leads to its de- 
velopment. This is of importance in a consideration of prognosis and 
the treatment of young patients. 

The presence of active rheumatic inflammation in the younger pa- 
tients with auricular fibrillation may shed some light on the immune 
processes and the development of subacute bacterial endocarditis. This 
immunity is apparent and may be due merely to the fact that they are 
suffering from an antagonistic state, namely, active rheumatic carditis. 
This explanation does not apply to cases over forty years, since fewer 
active cases were found past middle life. However, the recent evidence 
of Saphir and Wile,*° a report of eases of subacute bacterial endo- 
carditis in children and young adolescents showing coexisting rheu- 
matie tissue changes, indicates need for caution in using anatomical 
evidence to test an immunological hypothesis. 

Directly related to this question is the apparent immunity to bac- 
terial endocarditis of patients with high-grade mitral stenosis. Fulton 
and Levine*’ have already expressed the opinion, similar to that in the 
preceding paragraph, that this immunity is based on the persistence of 
a local rheumatic process in the mitral valve which might be antagonistic 
to the development of bacterial endocarditis. A study of 49 cases of 
severe mitral stenosis lends support to this view (Table III). The 
active were to the inactive as 30 is to 19, a ratio of 1.5:1. 

No relationship has been found between the two types of relatively 
immune hearts; that is, those with auricular fibrillation and those with 
severe mitral stenosis. This point is to be emphasized in view of the 
opinion expressed by Stone and Feil*® that the rarity of auricular fibril- 
lation in subacute bacterial endocarditis may be explained in part by 
the rarity of subacute bacterial endocarditis in advanced mitral stenosis, 
arguing that auricular fibrillation is definitely more common in mitral 
stenosis, especially in advanced cases. It is to be seen, however, that 
the incidence of auricular fibrillation in their own selected group of 100 
cases of severe mitral stenosis was 53 per cent, and no mention is made 
concerning the duration of the abnormal rhythm. Further, no distine- 
tion is made between the occurrence of auricular fibrillation as a tran- 
sitory phenomenon in subacute bacterial endocarditis and the develop- 
ment of this disease in patients with the established rhythmic disorder. 

It is worthy of emphasis that no eases of auricular fibrillation were 
encountered under the age of forty years without signs of active rheu- 
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matic inflammation. As a matter of fact, the only ease of fibrillation in 
rheumatie heart disease under forty years without activity, which we 
have studied,?* was one in which bacterial endocarditis developed. 

From the point of view of rhythm no significant relationship has 
been found to exist between the presence of any one or more associated 
lesions and active rheumatic carditis. One associated lesion appeared to 
bear a relationship to the rhythm, namely organic disease of the tri- 
cuspid valve; it is interesting that of 8 cases with tricuspid involve- 
ment which were studied histologically, seven were active. 

Mural thrombosis in the material studied was confined to the auricles. 
It was encountered most often in the fibrillators with severe mitral 
stenosis and active carditis. Weiss and Davis,** in a study based on an 
analysis of necropsy protocols of 164 patients dying from rheumatie 
heart disease, reported organized mural thrombi in 50 cases. Of the 25 
in their group in which the rhythm was determined, 22 showed auriec- 
ular fibrillation. Using a combination of elinical and some pathological 
criteria, they stated that activity was present in only 18 per cent of 
their eases with auricular thrombi contrasting with activity of 47 per 
cent of their entire series of rheumatic hearts. The discrepancy be- 
tween their results and the analysis presented here may be accounted 
for by the fact that their pathological data were taken from necropsy 
protocols and may not have been so comprehensive as the present study 


from this standpoint. 


SUMMARY AND CONCLUSIONS 


An analysis based on the study of 119 consecutive rheumatic hearts 
obtained at necropsy has been correlated with the cardiae rhythm. Cor- 
relations have been made with the grade of mitral valvular defect, age, 
presence of rheumatic inflammation in the heart and blood vessels, asso- 
ciated cardiae lesions, auricular thrombosis, and the mode of death. 

It is shown that the occurrence of auricular fibrillation bears no rela- 
tionship to the grade of mitral stenosis. Stenosis or organic insuffi- 
ciency of the mitral valve is necessary for the development of persistent 
auricular fibrillation (not the transitory form) in rheumatic heart dis- 
ease. 

Auricular fibrillation in rheumatie heart disease is encountered with 
greater frequency in persons past middle life. 

Auricular fibrillation is a usual manifestation of rheumatic activity 
in the presence of rheumatie structural ecardiae lesions in individuals 
under forty years of age dying in congestive heart failure. 

Significant organie disease of the tricuspid valve associated with 
mitral valvular disease is found more frequently among patients with 
auricular fibrillation than in those with sinus rhythm. 
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Auricular thrombosis in rheumatic heart disease is encountered most 
frequently in the hearts of individuals with auricular fibrillation, severe 
mitral stenosis and evidence of active rheumatic inflammation. 

The trends seen in the data are discussed in relation to the etiology 
of the abnormal rhythm in rheumatic cardiae patients and in relation 
to clinical dicta concerning the relative immunity of certain types of 
rheumatic cardiac patients to the development of subacute bacterial 
endocarditis. 
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THE HEARTS OF RICKSHA PULLERS 


A StupyY OF THE EFFECT OF CHRONIC EXERTION ON THE CARDIOVASCULAR 
SysteEM* 


C. L. Tune, M.D., C. K. Hsten, M.D., C. W. Bren, M.D., anp 
F. R. Drevaipe, M.D. 
PEIPING, CHINA 


INTRODUCTION 


UR interest in the effect of prolonged physical exertion on the 

human cardiovascular system was aroused in 1930, when one of us 
(C.L.T.), in the course of routine physical examinations, found a mark- 
edly enlarged heart in an otherwise healthy ricksha puller employed in 
one of the departments of the College. This led to the study herein re- 
ported. 

That physical exercise has an effect on the cardiovascular system has 
been realized for a great many years, but as to precisely what this effect 
is, opinions even today are divided. As early as 1628 Harvey' in his 
Anatomical Studies on the Motion of the Heart and Blood stated: ‘‘So 
all animals, man included, that have a stronger and more sturdy frame, 
with large, brawny limbs some distance from the heart, have a more 
thick, powerful, and muscular heart, as is obvious and necessary. On the 
contrary, those whose structure is more slender and soft have a more 
flaccid heart, less massive and weaker, with few or no fibers internally’’ 
(referring to the chordae tendineae and papillary muscles). Since the 
time of Harvey a mass of literature concerning the effect of exercise on 
the hearts of animals and of men has appeared. For a fairly complete 
bibliography the reader is referred to Chronic Effects of Exercise by 
Steinhaus? and to The Physiology of Muscular Exercise by Bainbridge 
and others.’ 

All data derived from studies of animals show that prolonged exertion 
produces eardiae hypertrophy. Animals in the wild state are known to 
possess relatively larger heart weight to body weight ratios than their 
domesticated relatives. The heart of the wild hare, for instance, is three 
times as heavy, relative to body weight, as that of the tame rabbit. Birds 
that fly great distances have much larger hearts in comparison with 
birds that lead a quiet life. Herrmann‘ demonstrated that heart weight 
to body weight ratios in racing greyhounds are considerably greater than 
the figures usually given for dogs. He weighed the hearts of ten thor- 
oughbred greyhounds and found an average of 13.8 grams of heart 


*From the Departments of Medicine and Radiology, Peiping Union Medical College. 
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per kilogram of body weight, which is considerably above the average of 
7.98 for 200 normal mongrels. While the maximum ratio of the 200 
mongrels was 9.98, the most successful runner among his greyhounds 
had a ratio of 17.3. From studies of the heart weight to body weight 
ratios of a large number of various animals, both young and full grown, 
Herrmann concludes that there is some fundamental relationship be- 
tween the activity of individual mammals and their heart weight, body 
weight ratio, and that the more sluggish the animal, the smaller is the 
ratio. Even young greyhounds who have been confined to small kennels 
have relatively large hearts.° 

In experimentally controlled studies on animals, Kiilbs® in 1906, 
Grober’ in 1908, and Thérner*® in 1930 all showed that the heart weight 
to body weight ratios of dogs exercised by running were markedly 
greater than those of their litter mates who received no exercise. Secher® 
in 1923 first demonstrated that cardiae hypertrophy experimentally pro- 
duced by exercise would regress after adequate rest. Twenty-two rats 
were given daily running exercise for about sixty days, after which all 
were retired to inactivity. Small groups were then killed at intervals up 
to seventy-five days. In those killed immediately the heart weight con- 
stituted 5 to 6 per cent of the body weight. This percentage decreased 
until the forty-eighth day, when it reached the normal value of 3.3 to 
3.9 per cent. Secher’s findings were confirmed and extended by Stein- 
haus and his coworkers'’ 1! who studied the effects of running and 
swimming on the hearts of growing dogs. Four litters consisting of 
three dogs each were used. One was exercised by running, a second by 
swimming, while a third served as a control. All the dogs were per- 
mitted to play for a brief period twice a day in the open yard. Roent- 
genograms were secured biweekly throughout the observation, which 
lasted one and one-half years in most cases. The results were checked 
by post-mortem findings. The roentgenograms showed that strenuous 
exercise led to enlargement of heart, beyond that which was accounted 
for by the growth curve, within three to five weeks after the beginning 
of exercise. Whenever exercise was discontinued, there was a regression 
ot the heart area in relation to the body weight curve. Autopsy revealed 
that exercise induced true work hypertrophy of the heart involving both 
ventricles, with a slight excess in favor of the left side. The enlargement 
was more marked in swimmers than in runners. There was no indiea- 
tion of comparable hypertrophy of the skeletal musculature of the 
limbs. 

In regard to the effects of exercise on the human eardiovascular sys- 
tem, published findings are not so consistent as those for experimental 
animals. In explanation Steinhaus? mentions two probable factors: 
first, the shadow of the heart in man fuses at its lower border with that 
of the diaphragm; and second, conclusions have been drawn from com- 
parisons of athletes’ hearts with a large variety of so-called normal 
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standards. Two other considerations may be mentioned. First, it is 
very rare to obtain necropsies of vigorous athletes who meet an acci- 
dental death. Second, slight to even moderate hypertrophy may occur 
during life, but not be particularly obvious even on roentgen-ray ex- 
amination unless dilatation is also present. As to the immediate effects 
of strenuous exercise on the size of the heart, Gordon, Levine, and 
Wilmaers’? showed it to be reduced immediately upon cessation of exer- 
tion, probably because of sudden diminution of venous return to the 
heart. 

There are in general three schools of opinion in regard to the chronic 
effects of exercise on the cardiovascular system. First, Gordon, Raut- 
mann, and others'* '* ™ 15 hold that the heart size of heavy workers and 
athletes in general falls within the range for normal individuals of the 
same size and age. Deutsch and Kauf,'® who examined several thousand 
athletes at the Vienna heart station and 32 athletes at the 1928 Amster- 
dam Olympic Games," hold that the heart shadows of trained athletes 
average larger than those of similarly built ordinary individuals. <Ae- 
cording to them enlargement is most noticeable in those long engaged in 
endurance sports, such as oarsmen, skiers, and cyclists. They interpret 
this enlargement as dilatation associated with, or brought on by, vagotonia 
in athletes, since the enlargement usually subsides (though never com- 
pletely) after several weeks or months of rest, and since bradyeardia is 
such a common finding in athletes.1* Herxheimer’® represents the third 
group who hold that strenuous exercise produces true hypertrophy of 
the heart. He studied 171 participants in the German games of 1922, 
12 professional six-day bieyele racers, and 249 Olympie athletes at 
Amsterdam in 1928. Eimer’s®® investigation of 300 athletes led him in 
the same direction. Herxheimer*' presented the theory that exercises of 
strength or speed induce hypertrophy of skeletal muscles and only to a 
small extent of the heart muscle, whereas exercises of endurance cause 
cardiac hypertrophy without much effect on skeletal muscles. Acker- 
mann** measured the hearts of oarsmen before and after a season of 
training. About half, mostly the younger men, showed definite enlarge- 
ment at the end of the season. 

TWO CASE REPORTS 

The following eases are reported as of special interest to the problem. 

Case A.—(No. 43 of the tables). <A healthy Chinese male employee of forty- 
five years, came for routine examination in April, 1930, with negative past and 


present histories. No cardiovascular or other complaints. Had 
average of about four hours’ actual running 


been pulling a 


ricksha for about seven years, with an 
per day. Well developed and fairly well nourished. The only positive findings 
were moderate cardiae enlargement to the left and a slow heart rate, 48 per min- 
ute. Heart sounds of good quality. No murmurs. No detectable arteriosclerosis. 
No edema. Blood pressure 89 mm. Hg systolic and 62 mm. diastolic. Urine nor- 


mal. Blood Wassermann reaction negative. A teleroentgenogram of the heart 
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(Fig. 1) showed a cardiac area on the frontal plane of 151.6 sq. em., 47 sq. em. 
above the estimated normal value for his height and weight. The cardiothoracic 
ratio of Danzer was 0.56. Although the man had no symptoms or signs pointing 
to cardiac insufficiency, it was thought that he should give up ricksha pulling. He 
was consequently transferred to an indoor occupation which necessitated no sig- 
nificant physical activity. 

Further examination in April, 1933, three years after cessation of ricksha pull- 
ing, showed that the individual was in good physical condition. His heart was 
still enlarged to the left, though it appeared to be smaller than it had been three years 
before. The teleroentgenogram (Fig. 2) taken with the same technic showed a 


ed 


frontal heart area of 127.7 sq. em., 23 sq. em. oversized, but smaller than in 1930 
by about 24 sq. em. From the roentgenographiec appearance, although the heart 
as a whole was reduced in size, the decrease involved chiefly the left ventricle. 


Electrocardiograms taken in 1930 and in 1933 revealed nothing remarkable. 


Fig. 1. Fig. 2. 
Case 43a. Ricksha puller for seven years. April 13, 1930. Estimated 
cardiac area 104.65 sq. cm. Measured area 151.60 sq. cm. Heart oversize 47 sq. cm., 
or 45 per cent. Cardiothoracic ratio 0.56. 
_ Fig. 2.—Case 43b. April 25, 1933, after three years of inactive occupation. Es- 
timated cardiac area 104.84 sq. cm. Measured area 127.70 sq. cm. Heart oversize 
22.86 sq. cm., or 22 per cent. Cardiothoracic ratio 0.54. 


Fig. 1. 


Case B.—(Hosp. No. 40,272, not included in the group studied). A Chinese 
man, aged forty-seven years, admitted to the Surgical Service for anal fistula of 
twenty-nine years’ duration. No complaint, except for the local condition. No 
symptom referable to the pulmonary or cardiovascular system. Venereal exposure 
denied; no intravenous medication. X-ray examination of the chest for tuberculosis 
revealed no evidence of tuberculosis, but a moderately enlarged heart, involving 
especially the left ventricle, both in frontal view and in left anterior oblique view, 
and marked enlargement or bulging of the ascending portion of the aortic arch 
(Fig. 3). Estimated cardiac area 98.94 sq. em. and measured area 133.90 sq. cm., 
an increase of 35 sq. em. Cardio-thoracic ratio 0.59. Diameter of the aortic 
shadow 8.2 em. 

Examination by the medical consultant showed no dyspnea or cyanosis. Faint 
pulsation in the right third interspace, but no thrill felt. Precordial impulse felt 
in the fifth and sixth intercostal spaces, 3 em. beyond the midclavicular line. There 
was retromanubrial dullness and also dullness extending about 4 em. to the right 
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of the midsternum in the second, third, and fourth intercostal spaces. Heart sounds 
of good quality; no accentuation or change in the quality of the aortic second 
sound. No murmur. Heart rate about 57, rhythm regular. Blood pressure 128 
mm. Hg systolic and 72 mm. diastolic. No evidence of peripheral arteriosclerosis; 
no congestion of any viscera; no peripheral edema. No anemia or polycythemia. 
Urine normal. Ocular fundi showed slightly tortuous veins, normal in size; arteries 
apparently slightly narrower than usual; mild Gunn’s crossing signs. These find- 
ings impressed the examiner as suggesting early primary hypertension. Both blood 
Wassermann and Kahn reactions negative on three occasions, about a month apart. 
Spinal fluid entirely normal, with flat colloidal gold and gum mastie curves and 
negative Wassermann reaction. LElectrocardiogram showed sino-auricular rhythm, 
rate 57, auriculoventricular conduction time 0.21 second. 

On inquiry it was found that the patient had been an active ricksha puller for 
eighteen years, with an average of about four hours’ actual running per day. How- 


Fig. 3.—Case B (see case reports; not in the tables). Ricksha puller for eighteen 
years. Estimated cardiac area 98.94 sq. cm. Measured area 133.90 sq. cm. Heart over- 
size 35 sq. cm., or 35 per cent. Cardiothoracic ratio 0.59. Note the bulging of the 
ascending portion of the acrtic arch. 


ever, he insisted that he had always been in excellent health except for the anal 
fistula. Although it is possible that this patient’: may have syphilitic cardiovas- 
cular disease, it is extremely unlikely. It seems that the aortic dilatation and 
cardiac enlargement may well be the result of the patient’s life as a ricksha 
puller. 
MATERIAL AND METHODS 

In an effort to throw further light on the problem of the effects of 
prolonged exertion on the heart, we have studied 46 ricksha pullers (all 
male). For the sake of those who have not seen a ricksha in use, it may 
be stated that it is a rather light narrow carriage, with two wire-spoked, 
rubber-tired wheels; a seat is mounted on leafed springs over the axle. 
The wheels are ball-bearing. Two shafts connected at the front by a 
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eross-piece extend forward. It is pulled by an individual who stands 
between the shafts. No effort is required to hold up the shaft, because 
onee raised the rider and seat are balanced over the axle. On level 
ground little energy is needed to maintain the pull on the ricksha, and 
the energy is chiefly consumed in running, which at one stretch may 
vary from a short distance to one or two miles. 

Most of the group of ricksha pullers studied are privately employed 
by members of the staff of the College. All the subjects had been 
ricksha pullers for at least one year. Their living conditions are fairly 
good, They usually have adequate rest between periods of activity. All 
of them were physically healthy and free from cardiovascular and other 
systemic disease. None of them was anemic. There was no evidence of 
nephritis in any. None of the group had any undue dyspnea after 
moderate speed and duration of pulling. There was no cyanosis or 
edema in any of them. None showed a eardiae diastolic murmur, The 
Wassermann test was not performed as a routine; some of the subjects 
had a previous record of a negative test. One of them (No. 33) had a 
positive blood Wassermann with no manifest syphilitic lesion. In short, 
all were athletic and apparently healthy individuals. 

Groups of four or more subjects were examined by two of us (C.L.T. 
and C.W.B.) in the afternoon. All were given adequate rest before the 
examination, Quite a number came rather reluctantly, and a few were 
excited and almost refused the examination. Such an emotional upset 
may account for the tachycardia and slight elevation of blood pressure 
(which usually disappeared after reassurance) noted in a number of 
eases, The physical examination was carried out before roentgenologic 
and eleectrocardiographie studies were made. Particular attention was 
paid to the cardiovascular system, although it must be stated that only 
a brief period was available for physical examination in order that all 
studies could be completed in one afternoon. During the physical ex- 
amination the heart was considered ‘‘not enlarged’’ when the outermost 
point at which a distinct cardiae impulse could be felt was on or within 
the midelavicular line, or the outermost point of the cardiac dullness on 
light percussion was on or within the same line. The heart was con- 
sidered ‘‘enlarged’’ when the cardiae impulse could be distinctly felt be- 
vond the midelavicular line, or if this was not palpable, when the rela- 
tive cardiae dullness extended beyond that line. Determination of the 
eardiae size by physical examination is subject to error from at least 
three factors, aside from the error due to haste in the examination or to 
poor technic. When the heart is hyperactive, as in excitement and ap- 
prehension, the vibration of the precordial region may be so widespread 
that the heart may be considered enlarged, while actually it is not. Even 
when the left border of the heart is beyond the midelavicular line, 
decision as to the size of the heart is fraught with insecurity if the 
measured cardiac area in the teleroentgenogram is not above the upper 
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limit of the estimated normal. On the other hand, when enlargement of 
the heart is general or more right-sided, the left border may be within 
the midelavieular line, while the heart is actually oversize. 

Blood pressure was taken by the auscultatory method, and the begin- 
ning of the fourth phase was taken as the diastolic level. The peripheral 
arteries were considered ‘‘thickened’’ when the wall of either the 
brachial or radial artery or both, emptied of its blood content, could be 
readily felt by the palpating finger. Complete urinalysis was done. The 
finding of a trace of albumin and leucocytes in the sediment could 
usually be traced to chronie gonococeal urethritis. 

The final decision as to whether the heart was enlarged or not was 
based on the results of radiologieal study. At the laboratory the subject 
was first examined under the fluoroscope in various positions. Particular 
attention was paid to the heart and the aortie arch. A frontal teleroent- 
genogram with the subject at a distance of two meters from the target 
was then taken. An additional film was taken with the subject in the 
left anterior oblique position, facing the film at an angle of 45 degrees. 
In the latter position the two ventricles can be better visualized and 
their relative size determined more accurately after the method origi- 
nally suggested by Fray.?> The cardiae area was measured with a plani- 
meter. The difference between the measured area and the estimated 
normal area was recorded and then expressed in percentage. The estima- 
tion of ecardiae area was done according to the method of Hodges and 
Eyster.** In addition the cardiothoracic ratio of Danzer?® was ealeu- 
lated. 

With the string standardized so that a current of one millivolt gave a 
deflection of one centimeter on the record, Leads I, II, and III of the 
electrocardiogram were taken from each subject in the recumbent posi- 
tion. The subjects were not in a basal condition. The T-wave was con- 
sidered tall in a lead when its height was above 5 mm. The presence of 
right or left ‘‘axis deviation’’ was determined from Leads I and III. 
The longest P-R interval was measured, usually in Lead II. The R-R 
interval and the Q-T interval were determined by taking the average 
values of four cycles. The relative duration of electrical systole as ex- 
pressed in the formula, K equals the Q-T interval divided by the square 
root of the R-R interval, was then caleulated.*° 

RESULTS 

Table I summarizes the results of the physical findings in these 46 
ricksha pullers. Their mean age was thirty-three years. The period 
during which they had been engaged in their occupation averaged about 
eight years. The extremes were one year and twenty-five years. Most 
of the subjects actually pulled from two to four hours per day (mean, 
3.3 hours). Twenty-one of the 46 subjects (45 per cent) revealed evi- 
dence of cardiac enlargement. Thickening of brachial or radial artery 
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TABLE 


PHYSICAL FINDINGS IN 46 RICKSHA PULLERS (All Male) 


AC- 
ACTIV- HEART BLOOD CARDIAC 
ARTERIES 
PER 
DAY 
Years Years Hours mm. Hg 
] 19 2 4 Not | Soft 100/68 |Systolie Normal 
enlarged| apical 
2 21 6 3 Not | Soft 90/56 |None Normal 
enlarged 
3 22 2 3 Not Soft 92/64 |None Normal 
enlarged | 
4 22 2 3 Not Thickened 120/82 |None Normal 
enlarged 
5 22 > 2 Enlarged Soft 106/72 None Normal 
6 24 3 t Not Soft 116/78 |None Normal 
enlarged 
7 24 1 1 Not Soft 106/70 |None Normal 
enlarged 
s 25 2 3 Enlarged Soft 100/60 |None Trace albu- 
min, many 
W.B.C. 
Q* 26 3 t Not Soft 116/46 |Systolie Normal 
enlarged apical 
and basal 
10 27 7 4 Enlarged | Soft 134/90 |None Normal 
27 2 3 Enlarged | Soft 128/80 |Systolie Normal 
basal 
12 28 5 3 Not Thickened 102/80 |None Trace albu- 
enlarged min, many 
W.B.C. 
13* 29 15 3 Not Thickened 130/90 |None Normal 
enlarged 
* 29 8 2 Enlarged | Soft 124/68 |None Normal 
jy 30 7 3 Not | Soft 104/62 |None Normal 
enlarged| 
16 30 7 4 Enlarged | Soft 96/66 |None Normal 
17 30 12 4 Not Soft 112/76 |None Trace albu- 
enlarged min, many 
| W.B.C. 
18* 30 4 2 Enlarged | Soft 116/76 None Normal 
19* 30 9 3 Enlarged | Thickened 120/74 |Systolie Normal 
apical 
20* 31 2 6 Not Soft 134/78 |Systolie Normal 
enlarged | apical 
and basal 
21 31 2 3 Not Soft 108/80 |None Normal 
enlarged 
3s 10 4 Enlarged | Soft 126/78 |None Normal 
23* 3: 5 3 Not | Soft 112/84 |None Normal] 
enlarged 
24a 31 10 2 Enlarged |Thickened 118/82 |None Normal 
24b 33 12 2 Enlarged |Thickened 110/68 |None Normal 
95 35 10 2 Not Thickened 126/80 |None Normal 


enlarged 


*Cases so marked have cardiac areas 15 per cent or more above the estimated area 
in teleroentgenograms. In the calculation of mean values, 24a, 32a, 43b, and 45a 
were excluded. The records of 43b were obtained after three years of an inactive 
occupation. 
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TABLE I—CoNnvT’D 
AC- 
ACTIV HEART BLOOD CARDIAC 
NO. AGE ING SIZE ARTERIES PRESSURE} MURMURS 
PER 
DAY 
Years Years Hours mm. Hg | 
96" 35 6 4 |Enlarged Thickened 126/88 |None Normal 
97* 35 4 4 Not Soft 110/80 |None |Normal 
enlarged 
28 36 7 3 |Enlarged |Thickened 134/84 None |Normal 
29 36 10 3 |Not Soft 116/80 |None Normal 
enlarged 
30 15 2 Enlarged Soft 134/84 |Systolic Normal 
| basal 
31* 36 12 6 |Enlarged Soft 120/86 |None ‘Normal 
32a 35 4 5 |Not Thickened 108/72 [None |\Normal 
| enlarged 
32b 37 6 5 INot Thickened 114/76 |None \Normal 
enlarged 
33 (37 6 4 |Not Soft 108/72 |None Normal 
enlarged | | 
34 38 20 2 |Enlarged |Sclerotic 108/78 |Systolic |Normal 
| and apical 
tortuous 
35 39 13 3 |Enlarged (Soft 128/72 |Systolie | Normal 
| apical 
36 39 14 29 |Not Soft 122/80 |Systolic |Normal 
| enlarged basal 
37 40 25 3 |Not Soft 104/74 |None | Normal 
enlarged | 
38 40 | 20 Not Soft 104/70 |None |Normal 
enlarged 
39* 40 18 3 |Not Sclerotic 120/80 |None Trace albu- 
| enlarged | min, many 
| W.B.C. 
40*. 41 10 3 Not Soft 108/78 |None |Normal 
enlarged 
41* 42 10 3 Enlarged Thickened 120/80 |None |Trace albu- 
min, few 
| W.B.C. 
42 44 7 3 Enlarged Sclerotic 112/80 |Systolie iTrace albu- 
apical min, occa- 
sional 
granular 
casts 
43a* 45 7 4 Enlarged Soft 80/48 |None Normal 
43b* 48 - — Enlarged Soft 88/60 |None Normal 
44* 47 5 4 Enlarged Sclerotic 104/70 |Systolic (Normal 
| apical 
and basal 
45a 47 15 5 Not Soft 96/64 |None Normal 
enlarged | 
45b 49 17 5 Not Soft 106/76 |None Normal 
enlarged 
46* 49 18 6 Enlarged Thickened 116/76 |None Normal 
Mean 33 8 3.3 114/75 | 


was noted in 17 individuals; the brachial artery was sclerotic and tortu- 
ous in one man who was thirty-four years of age. These findings are 
suggestive of early arteriosclerosis. It is our impression that there is a 
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higher incidence of the thickening of the peripheral arteries in this group 
than is usually found in physical examinations of healthy individuals of 
the same age periods. 

The mean blood pressure was 114 mm. Hg systolic and 75 mm. 
diastolic; the mean pulse pressure was 39 mm. The pressure tended to 
be high in a few cases. Blood pressures of 130 mm, systolic and 90 mm. 
diastolic in a young man of twenty-nine years (Case 13) and of 134 mm. 
systolic and 84 mm. diastolic in two subjects thirty-six years old (Cases 
28 and 30) are not usual among the Northern Chinese. The mean values 
are very slightly higher than the mean and median systolic pressure of 
107 and diastolic pressure of 70 in a series of 342 healthy, active 
Northern Chinese males of the age period of thirty to thirty-nine years.” 

The roentgenological findings are summarized in Table II. The re- 
sults of the fluoroscopic examination are incorporated in the column, 
‘‘General impression,’’? which represents the opinion of one of us, the 
roentgenologist (C.K.H.). In evaluating the measured frontal cardiac 
areas in teleroentgenograms, the tables of Hodges and Eyster** for the 
ealeulation of the expected normal area have been used. These tables 
are based on a study of 70 normal Americans. Whether they apply 
strictly to Chinese subjects has not been definitely settled, but our 
measurements of the cardiae area of 140 normal, healthy, adult Chinese 


TABLE LIL 


PERCENTAGE DEVIATION FROM CARDIAC AREA ESTIMATED FROM HEIGHT AND WEIGHT 


PERCENTAGE DEVIATION FROM | NORMAL CHINESE MALES RICKSHA PULLERS 
ESTIMATED CARDIAC AREA i NUMBER | PER CENT NUMBER PER CENT 

-30 to —26 1 1.0 0 0 
-25 to -16 8 6.0 0 0 

-15 to — 6 5D 39.0 3 6.5 

— — 12 °6.0 

— 5 to + 4 56 40.0 = ———— 

= 11 24.0 

= — 11 24.0 

15 to 424 3 2.0 — —— 

25 to +3 0 0 ; 6.5 

+35 to +44 0 0 4 6.5 

+445 to +54 0 0 4 6.5 
Total 140 100 46 100 


males, mostly staff members and medical students of this institution, 
show that the mean ecardiae area of normal Chinese males is 4.2 per cent 
(+0.68 standard error) smaller than that predicted from age, height, 
and weight. In Table III it will be seen that 79 per cent of normal 
Chinese males have measured cardiae area between -15 per cent and +4 
per cent and only 12 per cent between +5 and +14 per cent. Thus the 
cardiae area of normal Chinese males tends to be undersized by about 
4 per cent, when compared with predicted area caleulated according to 
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Fig. 4. Fig. 5. 


Fig. 6. Fig. 7. 

Fig. 4.—Case 26. Ricksha puller for six years. Estimated cardiac area 91.03 sq. 
cm. Measured area 137.30 sq. cm. Heart oversize 46.27 sq. cm., or 51 per cent. Car- 
diothoracic ratio 0.52. 

Fig. 5.—Case 41. Ricksha puller for ten years. Estimated cardiac area 108.14 
sq. cm. Measured area 141.50 sq. cm. Heart oversize 33.36 sq. cm., or 31 per cent. 
Cardiothoracic ratio 0.57. 

Fig. 6.—Case 23. Ricksha puller for five years. Estimated cardiac area 97.03 sq. 
cm. Measured area 144.60 sq. cm. Heart oversize 47.57 sq. cm., or 49 per cent. Cardio- 
thoracic ratio 0.60. 

Fig. 7.—Case 27. ticksha pulier for four years. Estimated cardiac area 103.66 
sq. cm. Measured area 123.60 sq. cm. Heart oversize 19.94 sq. cm., or 19 per cent. 
Cardiothoracic ratio 0.50. 
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Hodges’ method. These results seem to justify fully the use of the 
tables referred to. 

In Cases 23, 32, and 45 there were two examinations done two years 
apart, and in Case 48 the first examination was done when the subject 
was engaged in ricksha pulling and the other after he had been in a 
sedentary occupation for three years. In the final caleulation of the 
data the results of the more recent examination, when the subject had 
more than one, were included as representative, with the exception of 
Case 43, as the result of the later examination was considered to be 
affected by the three years’ rest. 


140 Normal Chinese Males in Solid Line 
46 Male Rickshaw Pullers in Broken Line 


Percentage of Subj ects 


i 


-30 -25 -15 -5 +5 +15 +25 +35 +45 
ft to tw to to to to to to 
-26 -16 -G +4 +14 +24 +34 +44 +54 


Percentage Deviation from 
Estimated Cardiac Area 


Fig. 8.—Distribution curves comparing the cardiac areas of 46 ricksha pullers 


(males) and those of 140 normal Chinese men. For each subject the difference be- 
tween the measured area and the estimated area is expressed in per cent. 


According to Hodges and Eyster, with an observed area 14 sq. cm. 
larger than the predicted area, the chances are ten to one that the heart 
is abnormally large. On this basis, which is also in accord with our 
clinical experience, we have considered a heart to be definitely enlarged 
when the observed area is 15 per cent or more above the predicted area, 
since we think percentage deviation is more significant than the differ- 
ence in actual square centimeters. Of the 46 subjects, 20, or 43 per 
cent, had observed heart areas larger than the predicted area by 15 per 
cent or more. 

Figs. 1, 2, 4, 5, 6, 7, 8 are examples of x-ray shadows of enlarged 
hearts. 
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We may compare our findings in ricksha pullers with the results in 
the group of 140 normal adult male Chinese by referring to Table IT] 
and Fig. 8. Statistically the data may be summarized as follows: 


DEVIATION OF CARDIAC AREA MEAN VALUE + STANDARD ERROR 
46 ricksha pullers + 13.2 + 2.3 per cent 
140 normal adult male Chinese — 4.2 + 0.68 per cent 


The results for the 46 ricksha pullers in comparison with the Ameri- 
ean standard are shown below: 


Average measured cardiac area 114.6 + 2.3 sq. em. 
Average estimated cardiac area 103.5 + 2.6 sq. em. 
Difference 11.1 = 3.5 sq. em. 


The differences, especially that between the mean deviation of the 
eardiae area of ricksha pullers and that of the eardiae area of normal 
Chinese, are clearly statistically significant. 

In order to evaluate the cardiothoracic ratio of Danzer,*’ a study was 
made of 116 of the 140 teleeardiograms of normal male Chinese. The 
resulting mean ratio is 0.485 + 0.004 (standard error). It would seem 
safe to assume that a ratio of 0.52 or more indicates some degree of 
cardiae enlargement. In Tables II and III it is shown that the ratio is 
0.52 or greater in 22 (48 per cent) of the 46 ricksha pullers. This 
slightly higher percentage of cardiac enlargement than was shown by 
the measured area is probably due to the fact that while cardiae enlarge- 
ment is usually general in nature, there is a tendency to a preponderant 
enlargement of the left ventricle, as may be seen in Figs. 1, 2, 4, 5, 6, 7. 

In summary, nearly half of the ricksha pullers examined showed 
demonstrable cardiae enlargement (43 to 48 per cent according to the 
criterion used). Conversely over half the subjects showed no evidence 
of enlargement beyond the normal limit. 

Examination of the data fails to disclose any relation between the 
years of activity, (minimum, one year) and the occurrence of enlarge- 
ment of the heart, which was present in four men who had pulled for 


only two or three years (Cases 3, 9, 11, and 20) and absent in eleven who 
had been in this oceupation for ten or more years (Cases 17, 24, 25, 29, 


30, 34, 35, 36, 37, 38, 45). 


ACTIVITY HEART NORMAL TWEART ENLARGED TOTAL 
1 to 4 years 7 6 13 
5 to 9 years 8 7 15 
10 or more years 1] 7 18 

Total 26 20 46 


In addition to its size, the shape of the heart shadow of riecksha 
pullers needs brief mention. Although general cardiac enlargement was 
the usual finding, at least slight left ventricular enlargement was noted 
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in 15 instances, both among those that showed demonstrable total cardiac 
enlargement and among those that did not. The diameter of the aortic 
shadow measured 7 em. or more in nine subjects. The aortie arch ap- 
peared to be elongated or tortuous, or both, in seven instances. Such 
findings are not usually encountered in healthy subjects of the same age 
period. 

The electrocardiographie findings are not of great interest. The heart 
rate was not basal as the subjects were examined under the ordinary con- 
ditions in the laboratory. It may, therefore, be noteworthy that seven 
subjects had a rate below 60 beats per minute, and that the average rate 
was only 68. The electrical axis of the QRS complex lay within normal 
limits in 40 subjects; in one there was right axis deviation and in five 
left axis deviation. One striking feature is that in 16 cases the T defiec- 
tion was tall in one or more leads. 

The auriculoventricular conduction time was 0.20 second in eight 
individuals and beyond 0.20 second in four individuals; these values are 
usually associated with a slow sinus rhythm. 

The average value for the constant K of the formula used for electrical 
systole” is 0.388 + 0.0022 (standard error). This value may be com- 
pared to that for normal Chinese males** as follows: 


116 normal Chinese males 0.374 + 0.0012 
46 ricksha pullers 0.588 + 0.0022 
0.014 + 0.004 


Difference 

There is a slight but probably not significant difference. 

DISCUSSION 

Although the number of ricksha pullers examined is relatively small, 
the data presented seem to warrant certain conclusions. 

In the first place, about 50 per cent of the subjects had hearts that 
were demonstrably enlarged. This in itself, we believe, is an important 
and significant finding. Although previous careful studies of animals 
and of athletes have shown that cardiae hypertrophy is a natural result 
of prolonged muscular exercise, clinicians have usually held to the 
dictum that an enlarged heart is a diseased heart.*® None of the in- 
dividuals studied had any other sign of disease than cardiae enlarge- 
ment (and in some eases widening of the aorta), and all were actively 
engaged in an occupation ealeulated to bring out such signs. It must be 
admitted that we have no post-mortem examinations to report, and, 
therefore, final proof is lacking. It is, however, a fair conclusion, as far 
as the evidence goes, that the cardiac enlargement found is probably re- 
lated to the physical activity of the subjects. 

The physiological basis for cardiac hypertrophy in response to pro- 
longed unusual exercise is clear. Studies have shown that the minute 
volume put out by the heart may be raised to 20 or more liters in severe 
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exercise, and that in highly trained men the increase in minute volume 
output of the heart is obtained to a much greater extent by increase in 
the stroke volume of the heart and, to a much smaller extent, by accelera- 
tion of the rate. In the case of De la Mar, a Marathon runner, it was 
shown by Bock, Van Caulaert, Dill, and others®*® that his stroke volume 
at rest was double that of untrained subjects and during work it rose 
to 200 ¢.c. Similar results have been reported by Hill and Lupton." 

Bainbridge et al.* point out the advantages of a powerful myocardium, 
with complete systolic emptying and but slight dilatation and tachy- 
vardia. He says, ‘‘Hence, for the making of an athlete, a large and 
muscular heart is just as much a physiological necessity as a highly de- 
veloped muscular system, since, whatever the size of his muscles, a man’s 
ability to perform muscular work is determined by the output of his 
heart.’’ 

The ricksha pullers examined must be considered to have been sue- 
cessful in their occupation, because they were not new at it and were 
selected by their employers from a large field of applicants. It must be 
noted here that the hypertrophy which we believe they showed may well 
not occur in all who endeavor to take up ricksha pulling. 

Attention is called to the exact nature of the activity involved. It 
consists of running and pulling the ricksha, often for fair distances; but 
most important, this is done for a few hours a day, day after day for 
years, with few if any days of inactivity. There is no evidence to settle 
the point, but the suggestion may be made that running and other forms 
of extensive bodily motion may be more effective in producing cardiac 
changes than other forms of hard work. There can be no doubt that 
unintermitting daily activity for years would be more effective than 
intermittent or brief exercise. Even highly active athletes often have 
long intermissions in their periods of training. 

in the second place, our results inelude evidence of widening of the 
aorta in some instances of relatively young men with no trace of syphilis. 
If this unusual finding in normal subjects has a physiological basis, the 
explanation can be found in the effect of the sustained increased blood 
pressure during exertion upon the elastie aortie wall. 

Third, there arises the question whether such cardiae enlargement as 
was found is entirely physiological or not. In other words, is there such 
a disease as athletic heart ? 

As far as our results go, they give no indication for regarding the 
abnormal findings encountered as constituting or predisposing to dis- 
ease. The men in whom eardiae enlargement was present had no evi- 
dence of the slightest heart failure and were holding their positions in 
competition with thousands of others. Many ricksha pullers continue in 
their occupation for long years, twenty and more years not being un- 
common. One must also consider the men in our study who had been in 
their occupation for years without showing cardiae enlargement. They 
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also were successful. Possibly they should be regarded as being better 
adapted. Even this conclusion does not mean that the group with en- 
largement is, or will be, diseased, since it is merely a matter of relative 
fitness. 

It is of course possible that, while the effects of prolonged exertion are 
purely physiological for the time being, they may accelerate the normal 
wear and tear of life. In that case they would not be direct but only 
contributory causes of death. 

It is a common impression in China that the work of ricksha pullers 
is unduly hard, that damage is done to the heart and that the men 
annot remain long in the occupation but die prematurely. The only 
reference in medical literature which we have found is in Chinese.*? 
This is a report of physical examinations of 36 ricksha pullers. The 
author found the apex impulse of the heart beyond the nipple line in 
every case, and considered this to mean ecardiae enlargement. Brady- 
eardia was common. The findings were attributed to the ricksha pulling 
and interpreted as constituting disease. Valvular lesions and rupture of 
cerebral vessels were considered possible consequences. No x-ray or 
other laboratory examination was made. Our impression is that ricksha 
pulling is not in itself unduly hard and could not be compared to the 
work of stevedores, for example. On the other hand the life of public 
ricksha pullers is extremely difficult because, owing to their very small 
earnings, they cannot feed, clothe, and house themselves properly, and 
because they are compelled to expose themselves for long hours to all 
the inclement weather which the climate imposes. It does not appear 
that they are engaged in pulling their rickshas for long periods, because 
of severe competition for passengers. If their lives are short, exposure 
and privation are probably responsible. 


SUMMARY 

1. Forty-six healthy Chinese ricksha pullers were examined in a study 
of the effect of chronie exertion on the cardiovascular system. Physical, 
roentgenological, and electrocardiographie studies were carried out. 

2. The mean age was thirty-three years. The mean duration of 
ricksha pulling was eight years, and the mean number of hours of actual 
running slightly over three per day. 

3. Twenty-one (45 per cent) of the 46 ricksha pullers showed definite 
eardiae enlargement on physical examination which was always per- 
formed before radiographic examination. 

4. The measured frontal cardiae area of the teleroentgenogram of the 
heart was 15 per cent or more above the area calculated according to the 
method of Hodges and Eyster in 20 individuals (43 per cent). 

5. The mean deviation of measured cardiac area of 140 normal Chinese 
males from the calculated area in per cent was minus 4.2 + 0.68 (stan- 
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dard error). The mean deviation of measured cardiae area of the 46 
ricksha pullers from the caleulated area in per cent was plus 13.2 + 2.3. 
The difference between these two groups was 17.4 + 2.38. 

6. The eardiothoracie ratio of Danzer in telecardiograms was 0.52 or 
greater in 22 ricksha pullers (48 per cent). The mean ratio of the tele- 
eardiograms of 116 normal Chinese males was 0.485 + 0.004. 

7. Chronic exertion in the form of ricksha pulling caused eardiae en- 
largement in about 45 per cent of the subjects. No demonstrable en- 
largement was present in the remainder. This cardiac enlargement, 
probably chiefly due to hypertrophy, is considered to be a physiological 
response to rapid exertion carried on daily for a period of years. There 
is no indication that the enlargement constitutes or predisposes to dis- 
ease. 

Thanks are due to Dr. I. C. Yuan for his advice on the statistical treatment of 
the data in this paper. 
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THE PATENCY OF THE SO-CALLED ‘‘ANATOMICALLY OPEN 
BUT FUNCTIONALLY CLOSED’’ FORAMEN OVALE* 


Pau. Gross, M.D. 
CLEVELAND, OHIO 


AHN! and MOnckeberg? indicate that under certain conditions the 
so-called ‘‘anatomically open but functionally closed’’ foramen 
ovale may become patent and lead to paradoxical embolism. Other re- 
ports in the literature add support to this contention, including the more 
recent publications of Beattie’ and of Freneh,* which give autopsy find- 
ings of emboli caught in the foramina ovale. It has been claimed that 
when the right auricular pressure exceeds the left auricular pressure, the 
functionally closed foramen becomes patent. Because this type of fora- 
men ovale has not been universally recognized as a factor in the produc- 
tion of paradoxical embolism, the present study of the behavior of the 
foramen ovale under various differences in auricular pressures was 
undertaken. 
METHOD 
The interauricular septum of hearts with open, valvelike foramina ovale, removed 
at autopsy, is clamped by means of four screws between two flanged metal plates 
that have a circular opening completely exposing both sides of the foramen ovale. 
(Fig. 1.) Two glass cups (C) with three side openings are cemented to the flanges 
Instead of blood, a fluid is used which consists of 
The viscosity and the 
The height of 


and function as artificial atria. 
0.32 per cent tragacanth suspended in 0.9 per cent saline. 
osmotic pressure of this suspension are approximately that of blood. 
the reservoirs (R) holding this fluid determines the auricular pressure which is 
measured by a straight manometer tube (M) connected with the artificial atrium by 
means of the middle side tube. The second side tube connects with the reservoir. 
The third side tube is clamped off and serves as a vent for the escape of air caught 
in the apparatus. Artificial emboli are prepared by mixing ‘‘Yatex’’t (a con- 
centrated form of Latex) with plaster of Paris in a proportion so that the small 
pieces (1x 1x2 mm. to 2x2x3 mm.) just about sink in the fluid. The mixture con- 
sists of 3.2 gm. Yatex and 1 gm. plaster of Paris. These pieces, ten to twenty 
in number, are introduced into the right atrium. Before each experiment the ap- 
paratus is tested for leakage, under a pressure of 400 mm. of fluid. 

During the course of the experiment the height of the right reservoir is in- 
creased on several occasions so that various degrees of predominance in right 
auricular pressure are obtained. Due to the higher level of fluid in the right 
reservoir, 2 flow of the fluid is established through the foramen ovale from the 
The heights of the fluid level in the reservoirs are 


right into the left reservoir. 
The auricular pressures as 


recorded at the start and after one minute of flow. 
shown by the manometer in millimeters of fiuid are also recorded at the start of the 


*From the Laboratory of Charity Hospital and the Institute of Pathology, Western 
Reserve University, Cleveland, Ohio. 
+Klentz & Co., G. M. B. H., Thomas Haus, Schopenstehl 1, Hamburg I, Germany. 
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flow and during the flow. The change in volume in either reservoir during this time 
indicates the flow in one minute through the foramen ovale. Similar observations 
are made when the level of the left reservoir is raised higher than that of the right 
so that there is a predominance of pressure in the left atrium. During a period of 
flow under a maximum predominance of right auricular pressure the apparatus is 
shaken with both hands to agitate the artificial emboli in the right auricle. At the 
end of one minute of such flow, the emboli in the left auricle as well as the emboli 


caught in the foramen are counted. 
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Fluid consists of 0.32% gum tragacanth 
in 0.9% saline. 


Fig. 1.—Diagram of apparatus. 


RESULTS 

With the fluid level of the right reservoir higher than that of the left 
reservoir and the tubing connecting with the left reservoir pinched off, 
the left auricular pressure may be equal to the right auricular pressure 
or may even exceed it. This paradoxical condition is explained by the 
fact that the foramen ovale behaves as a valve and transmits pressure 
freely in one direction only. As soon as the tubing to the left reservoir 
is opened, a drop in both auricular pressures occurs. This drop is 
greater on the leit side. As the flow is maintained, the left auricular 
pressure begins to rise slowly while the right auricular pressure falls 
slowly. However, during the minute of flow, the right auricular pres- 


| 

| 

| 

| 

| 

1 


JROSS: PATENCY OF FORAMEN OVALE 103 


sure is always greater than that of the left. When, at the end of one 
minute, the tubing to the left reservoir is again pinched off, both auricu- 
lar pressures rise to a level commensurate with the fluid level in the 
right reservoir; and again the left auricular pressure may rise to a 
slightly higher level than the right because of the valvelike action in the 
foramen ovale. The fluid level of the right reservoir descends, while 
that of the left reservoir rises correspondingly from the time that the 
tubing to the left reservoir is opened to the moment that it is pinched 
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Fig. 2.—Graph showing relationship between the difference in reservoir pressure and 
the flow through the foramen ovale. 


off again. The volume of flow from right to left increases with the 
degree of preponderance of right auricular pressure. The results of ex- 
periments performed on sixteen patent foramina ovale are listed in 
Table I. The graphical representation of the relationship between the 
leakage through the foramen ovale and the difference in reservoir pres- 
sure is shown in Fig. 2. It is seen that an almost linear relationship is 


indicated. 
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Occasionally emboli pass spontaneously through the foramen ovale, 
but generally emboli pass through the foramen ovale or are caught in it 
only after the apparatus has been shaken vigorously and the emboli 
thereby set into motion. Table II shows the relationship between the 
circumference of the foramen, the preponderance of the right auricular 
pressure, the preponderance of the right reservoir pressure, and the 
number of emboli which passed through, or were caught in the foramen 
ovale. No determination of the transmission of emboli was made on 
heart numbers 1 and 3. The only foramen ovale of those investigated 
which did not allow emboli to pass into or through it was number 13. 
The probable explanation for the behavior of this foramen is to be found 


in its small size. 


TABLE II 
NUMBER OF 

PREDOM- PREDOM- NUMBER OF EMBOLI 

CIRCUM- INANCE OF INANCE OF EMBOLI WHICH 

NO. FERENCE OF RIGHT RIGHT CAUGHT IN PASSED 

FORAMEN RESERVOIR AURICULAR FORAMEN THROUGH THE 

PRESSURE PRESSURE FORAMEN 
2 32 680 230 0 9 
4 25 437 - 0 2 
5 40 281 10 0 1 
5 40 221 15 0 2 
5 40 452 15 0 3 
6 25 456 103 | 0 
7 16 447 - 5 0 
8 24 474 - 3 2 
9 22 332 60 0 1 
9 22 413 72 i 2 
10 28 439 35 3 2 
ea 40 460 67 2 3 
12 12 25 326 ] 0 
13 8 410 342 0 0) 
14 28 429 53 0 5 
15 23 479 159 0 4 
16 23 510 _ 7 4 


When the predominance of pressure is shifted to the left side and the 
tube communicating with the right reservoir is pinched off, the right 
auricular pressure may correspond to the right reservoir pressure, or it 
may be higher. When the tubing to the right reservoir is opened, the 
right auricular pressure drops according to the fluid level of the right 
reservoir. In a few foramina ovale no subsequent increase in right 
auricular pressure occurs; nor is there a change in fluid level in either 
reservoir. In other words, some patent foramina ovale allow no leakage 
of pressure or fluid from left to right. In the larger number of eases, 
on releasing the pinched-off tubing, there is an immediate rapid drop of 
right auricular pressure to a level commensurate with the right reservoir 
fluid level. ‘This is followed by a slight gradual rise in right auricular 
pressure accompanied by a slight drop in the fluid level of the left 
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reservoir and a coincidental rise in fluid level of the right reservoir. 
The greater the predominance of left auricular pressure, the greater the 
amount of leakage through the foramen ovale. With the exception of 
two instances, the amount of flow through the foramen ovale from left 
to right is slight compared with the flow from right to left at similar 


differences in pressure. The two discrepancies where considerable leak- 


TABLE IIT 


| PREDOM- | 


|  CIRCUM- INANCE OF AURICULAR PRESSURE DUR- 
NO. | FERENCE OF | LEFT ING FLOW FLOW IN ONE 
FORAMEN | RESERVOIR MINUTE 
PRESSURE RIGHT LEFT 
7 30 445 No change 0 
2 | 32 | 500 No change 0 
3 Three small | 474 115 | 569 40 
openings 
1-2 mm. 
+ 25 423 290 468 355 
5 40 561 83 550 162 
6 25 470 156 582 83 
7 16 529 173 571 58 
8 24 450 46 592 10 
9 22 406 278 486 90 
10 28 380 40 
11 40) 460 | — — 50 
12 12 425 | No change 0 
13 8 410 No change 0 
14 28 | 442 163 | 506 66 
15 23 476 133 603 0 
16 23 | 440 | 155 | 555 50 


age occurred from left to right are explained in one by a perforation in 
the septum, and in the other by a severe distortion of the foramen from 
edema secondary to clamping. The results of these investigations are 


tabulated in Table III and indicated in Fig. 2. 


COMMEN't 

The results obtained indicate that the so-called anatomically patent, 
functionally closed foramen ovale transmits pressure, fluid, and sus- 
pended solids from the right to the left atrium when the right auricular 
pressure exceeds that of the left. These findings are in accord with the 
observations and conclusions of Zahn,'! Monekeberg,? Beattie,? French,* 
Chiari,® and others. 

Zahn collected 139 eases which at autopsy had a patent foramen ovale. 
Among these cases, he found two with thrombotic occlusion of the fora- 
men and seven with paradoxical embolism. In addition, he listed a third 
case, referred to him, of thrombotie occlusion of the foramen ovale. 
Zahn believed the explanation of paradoxical embolism to lie in the fact 
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that in congestive heart failure there is an elevation in right auricular 
pressure with a coincidental reduction in left auricular pressure. In all 
nine eases, evidence of venous stasis conditioned by chronic bronchitis. 
pulmonary emphysema, edema, atelectasis, tuberculosis or pleuritis was 
found. The anatomical evidence pointing to a previously existing con- 
gestion and elevation of pressure in the right heart consisted of dilata- 
tion and hypertrophy of the right auricle and ventricle, the enlargement 
of the fossa ovalis and the bulging of its wall to the left. 

Beattie reported a case of pulmonary embolism which, at autopsy, 
showed occlusion of the pulmonary artery by an embolus and a second 
embolus caught in the foramen ovale. This foramen ovale was of the 
type considered anatomically open but functionally closed. Beattie in- 
ferred that the embolic occlusion of the pulmonary artery preceded the 
embolic occlusion of the foramen ovale. He contended that the embolic 
occlusion of the pulmonary artery caused an elevation of the right aurie- 
ular pressure and a coincidental fall in the left auricular pressure 
which foreed the foramen ovale open and allowed the second embolus to 
slip in and lodge there. He indicated that in all probability the reason 
for the patient’s survival for a short time after the pulmonary occlusion 
was the patent foramen ovale which allowed the blood to be shunted 
across to the left atrium. He suggested that patency of the foramen 
ovale be kept in mind to explain similar short survivals following pul- 
monary occlusion. 

The apparatus used in these investigations does not reproduce the 
rapid movement of fluid with eddies which are present in the living 
heart. It is therefore necessary to agitate by shaking, but this also ap- 
pears inadequate. It is possible that with a modification of the appa- 


ratus to provide for a brisk flow of the fluid with a production of 


eddies, a larger number of emboli would pass through the foramen ovale 
under the‘same pressure conditions. 

A valvelike action of the foramen ovale is established by its capacity, 
in some cases, to prevent completely the leakage of pressure and fluid 
from left to right, and in other instances to transmit comparatively very 
little fluid to the right atrium. This valvelike action is due to the 
tenuity and pliancy of the septum primum and the relative thickness 
and rigidity of the septum secundum. 

There are no data available on human left and right auricular pres- 
sures, and the pressures used in these experiments may very well be 
beyond the pathological limits occurring in man. Nevertheless, the be- 
havior of this type of foramen ovale under these experimental condi- 
tions is probably a good indication of the behavior clinically under cer- 


tain pathological conditions, 
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CONCLUSIONS 


These investigations on the so-called anatomically open but fune- 
tionally closed foramen ovale furnish experimental proof for the follow- 
ing statements : 

1. Under conditions of preponderance of pressure in the right atrium 
over the lett, pressure, fluid, and emboli may be transmitted from the 
right atrium through the foramen ovale into the left atrium. 

2. When the left auricular pressure is greater than the right, eom- 
paratively little or no transmission of pressure or fluid from the left 
atrium to the right atrium oeeurs due to a valvelike action of the fora- 
men ovale, 

The author thanks Dr. H. S. Reichle and Dr. Morris Simon for aid in seeuring 
material. 
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THE ELECTROCARDIOGRAM OF THE NORMAL HEART IN 
PREGNANCY* 


L. FeLpMAN, M.D., ANp Haroup H. M.D. 
Cuicaago, ILL. 


F THE electrocardiogram is to aid us in the interpretation of the 

signs and symptoms referable to the cardiovascular system in preg- 
nant women, we must be acquainted with the influence that pregnaney, 
due to a rising uterus, may have on it. 

That the electrocardiogram undergoes certain changes when the posi- 
tion of the heart within the chest is altered, has been long appreciated. 
Einthoven showed that deep breathing affected the form of the eleectro- 
sardiogram, as it changed the position of the heart, the more transverse 
position at the end of expiration being associated with a left axis shift, 
or a tendency in that direction. Cohn demonstrated that there is a 
rather definite relation between the anatomical angle of the heart (angle 
of inelination) and the direction of the electrical axis. Thus the electro- 
cardiogram shows a gradually increasing left axis deviation as the posi- 
tion of the heart becomes more transverse, and right axis deviation as 
the heart becomes more vertical. 

But that pregnancy may change the electrical axis of the heart by a 
rising diaphragm is not widely known. Smith showed that during the 
eighth month of pregnancy when the uterus is at the highest level in 
the abdomen, the electrocardiogram displayed a left axis deviation. This 
beeame less marked as soon as the head of the fetus descended into the 
pelvis, and shifted toward the right immediately after the delivery of 
the child. Konki studied 33 pregnant women with normal hearts, and 
he found that during the third trimester of pregnaney, the electrical 
axis deviated to the left, and that the T-wave in Lead III became nega- 
tive. Following the delivery the axis shifted to the right, and the 
T-wave in Lead III beeame upright. He quotes Hynemann, who af- 
firms that the diaphragm of pregnant women during the early part 
of the third trimester is elevated on the right side on the average of 
2.10 em. and on the left side by 2 em. and that the heart has assumed 
a more transverse position. Jensen and Norgaard reported that in 
their series of pregnant women there was a left axis deviation or a 
tendeney thereto during the first months of pregnancy and a return to 
the right in the later months. They say that this is due to an early 
left ventricular hypertrophy, followed later by a right ventricular hy- 
University of Illinois 


*From the Department of Medicine and Obstetrics of the 
College of Medicine. 
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pertrophy, independent of any change in the position of the heart. 
These observations led us to study the electrocardiogram in pregnancy. 

After we began our investigation, an article appeared by Carr and 
Palmer, who found that the axis tends to shift to the left during the 
first two trimesters of pregnancy and to the right in the early part of 
the ninth month. The latter finding they attribute to the descent of 
the uterus. 

Material.—Thirty-six pregnant women were selected. These patients 
had no complaints referable to their cardiovascular system, and upon 
examination their hearts and vascular systems were found to be normal. 
In selecting these patients, age and the number of the pregnancy were 
not considered. These women were sent down to the electrocardiographiec 
laboratory some time between the thirty-second and thirty-sixth weeks 
of pregnancy, when the uterus was considered to be at the highest 
level in the abdomen. This procedure was strictly supervised by one of 
us (H.H.H.). The second electrocardiogram was taken about eight or 
ten days after delivery when the patient was ready to go home. At 
first we took a third electrocardiogram, six weeks post partum. But the 
latter was soon abandoned, since we found no difference between it and 
the second electrocardiogram. The electrocardiograms were taken with 
the patient in the sitting position. The electrical axis was calculated, 
according to Einthoven, from the electrocardiogram. 


RESULTS 


Direction of the Electrical Axis.—The influence of pregnancy on di- 
rection of this axis is shown in Table I. Only those tracings showing 
a shift of more than 10 degrees in the electrical angle were recorded. 
Twenty-one of the 36 cases studied (58.33 per cent) showed such changes. 

It will be seen that there is usually definite shifting of the electrical 
axis toward the left during this period of pregnancy, and to the right 
in the puerperium. The first case has an angle of —2 degrees which is 
slight axis deviation (considering 0-90 as normal). Following the de- 
livery the angle changed to 49, which is normal. The next two cases 
with an electrical axis of ‘‘0’’ may be considered as having a tendency 
to left axis deviation. Their axis, too, beeame normal following the de- 
livery. Cases 4, 5, 6 and 7 may be considered as having only a slight 
tendency toward left axis deviation, which became normal after the 
The next six cases are, as considered by some,’ at the lower 
limits of normal. The greatest shifting of the axis toward the left 
was noticed in Case 9. Before delivery the angle was 10 degrees and 
after delivery 90 degrees; in other words from the lower to the very 
upper limits of normal. Cases 14, 15, 16 and 17 had each an angle of 
30 degrees before delivery. During the first week of puerperium this 
angle changed to 72°, 58°, 55°, and 60° respectively. Cases 18, 19, 20 


delivery. 
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and 21 had angles which are considered just normal, and the shift to 
the right following delivery was not very marked, the largest being 20° 
and the smallest 13°. Thus, in the entire series the shift to the rieht 
in puerperium varied from one of 13° to one of 80°.) The average diree- 
tion of the electrical axis between the thirty-second and thirty-sixth 
weeks of pregnancy in this series was 19°, and a week after the de- 
livery 57°. The average difference, thus, in the axis was 38° in a 
counter-cloekwise direction, or shifting to the left. This fieure is 
greater than that reported by Carr and Palmer, whose difference is only 
27° to the left in four cases in which an electroeardiogram was taken 
after delivery. 
TABLE I 
INFLUENCE OF PREGNANCY ON DIRECTION OF THE ELECTRICAL AXIS AND ON T,-WAVE 
IN THE NORMAL HEART 


DIFFERENCE 
IN THE ANGLE 


PUERPERIUM 
FIRST WEEK 


PREGNANCY 
32-36TH WEEK 


CASES ANGLE 2” ANGLE T. ANGLE 
2 0 + 58° 
3 0 - 43° + 13 
4 $9 
3° 53° 19 
6 > §2° +) 
7 - 30° 
8 10° 50° $() 
9 10° 90° 80) 

10 13° - 52° + 42° 
11 5° - 55° $() 
12 17 ~ 0° 33 
13 65° tS 
14 30 72 12° 
15 30° 58° 8 
16 30° 55° 25 
17 30° 60 
18 40° 0 58° 18 
19 42° — 62° ~ 20 
2) 51° ~ 64° 13 
21 53° + 70° 17 
Averages 19° 38° 


*+means upright. 

— means inverted. 

+ means diphasic. 

® means flat or isoelectric. 

Our results correspond with those of the authors mentioned, although 
our procedure was somewhat different. Taking into consideration what 
is known about the influence of the position of the heart on the electro- 
-ardiogram, it is logical that, at a certain stage of pregnaney, when 
the diaphragm is very often pushed up so that the heart lies in a com- 
paratively transverse position, there should be a shift of the electrical 
axis to the left. (Fig. 1.) The type of the individual also plays a great 
part; the hypersthenic patient during pregnancy will show more devia- 
tion to the left than will the opposite type. This factor, besides the size 
of the baby and the amount of amniotic fluid, may be responsible for the 
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difference in the degree of the shift in different patients, or for the 
absence of an appreciable deviation in others. That is, a fairly high 
diaphragm with a small uterus may produce more shifting than a low 
diaphragm with a good-sized baby. 

Recent studies in obesity’ ® show that the position of the diaphragm 
is often responsible for left axis deviation and changes in Lead III. The 


electrocardiogram returned to normal in the great majority of patients 


Di 


Fig. 1.—Six pairs of electrocardiograms to show the variations which may be en- 


countered in Lead III during pregnancy. In each case, the first electrocardiogram 
was taken between the thirty-second and thirty-sixth weeks of pregnancy and the sec- 
ond during the first week of the puerperium. 


who lost weight by dieting. Kimura studied the roentgenograms and 
the electrocardiograms of patients with big ovarian tumors. The heart 
occupied a more or less transverse position in the chest, and the electro- 
eardiogram showed a tendency to left axis deviation. The T-wave in 
Lead III became flattened or inverted. After removal of the tumor the 
heart became more vertical, and the electrocardiogram shifted toward 
the right, and the T-wave in Lead III assumed an upright position 
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Bland and White in studying one hundred electrocardiograms with com- 
plete inversion of Lead III showed that 72 per cent of the patients had 
a high diaphragm and a transverse position of the heart, and that 
55 of these were obese individuals. All these studies tend to show that 
it is the position of the heart and not the questionable transient hyper- 
trophy that is responsible for the shifting of the axis toward the left. 

Changes in the P-wave in Lead III.—We have encountered two records 
with an inverted P,. One was associated with an inversion of the entire 
Lead III, besides an inverted P., and the other occurred in an otherwise 
normal electrocardiogram. Both remained unchanged during the puer- 
perium, in spite of the fact that the other complexes of the inverted lead, 
as well as the inverted P,, became upright. There was a definite tend- 
ency, however, for the P-wave in Lead III to become more defined and 
of a somewhat higher voltage after the delivery. However, it seems 
that the influence of pregnancy on the P-waves is only slight and of little 
significance. 

Changes in the Q-wave in Lead III.—Five records with large Q-waves 
in Lead III, according to the criteria of Pardee, were found in this 
series of 36 cases. They were all associated with inverted T,. Three of 
these large Q-waves in Lead III disappeared after pregnaney (see B, and 
B,, Fig. 1). In one of these the negative T-wave in Lead III became 
flattened, and the R, became somewhat higher. In the remainder the 
T, was not changed. According to the recent literature,’* ™ the large 
Q-wave in Lead III during pregnaney is taken to signify a transverse 
position of the heart due to elevation of the diaphragm. That the devia- 
tion of the septum from its usual position, as well as the transverse posi- 
tion of the heart, may be a factor in the production of Q,, has been sug- 
gested.1* The incidence of the large Q, in our series is about the same 
as that reported by others. It is of interest that the incidence of the 
larger Q, in normal hearts in pregnancy is very much greater than in 
normal hearts in a control series.’» '* Evidently the altered position of 
the heart is a large factor in this change. 

Changes in T-wave in Lead IIT.—Of the 21 eases that showed marked 
changes in direction of the electrical axis, T, was completely inverted in 
17; in one it was flat, in one diphasie and in two upright. During the 
puerperium the T,, was negative in 11 eases, diphasie in 2, and upright in 
8; in other words a gain of one diphasic T, and 6 upright ones. (See 
Table I.) Left axis deviation or tendency thereto, due to a change in po- 
sition of the heart, is usually associated with an inverted T,.?)7* Our 
records bring this out. Table I shows that the first upright T in Lead 
III is seen in Case 13, whose angle is 18°. The next one is seen in the 
last case, whose angle is 53°. During the puerperium the appearance 
of the upright T-wave in Lead III was usually associated with angles 
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of 50° or over, which is considered normal. On the other hand, in no 
instanee did a positive T, during pregnancy become changed after the 
delivery. 

There were four records which showed no changes in the electrical 
axis but had negative T,. After the delivery, one such became diphasie, 
one flat and two upright. Hence by adding these two groups showing 
changes in T, we find that out of 25 records, an inverted T, was seen 
in 21 patients before delivery and only in 11 after—a change of 47.61 


per cent toward the upright. 


B 


Fig. 2.—A, Two electrocardiograms of the same patient. A was taken between 
the thirty-second and thirty-sixth weeks of pregnancy. Rate is 105. Frequent ex- 
trasystoles in Lead I, and Pez and Ps; are inverted. Lead III shows a run of ventricular 
tachycardia. 

B was taken during the first week of puerperium. Rate is 96. Arrhythmia dis- 
appeared. P2 has become positive. Note the change of the direction of the electrical 


axis. 


Pardee states that a downward T, may be due at times to a high posi- 


tion of the diaphragm. This would tip the apex of the heart upward 


and would tend to produce a relatively small or even inverted T,, just 
as it tends to produce a small or inverted R,. The variations in the 
direction of the electrical axis within the heart, giving rise to the T- 
wave are modified by the position of the heart in the body. The changes 
in the T-waves in Lead III in our series can probably be accounted for 


by the high position of the diaphragm. Thus the heart has moved, as we 


view the patient from the front, in a counter-clockwise direction when 
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the uterus has reached its highest level in the abdomen, and in a elock- 
wise direction as soon as the uterus has emptied itself. 

Arrhythmia.—One of our records showed frequent ventricular extra- 
systoles terminating in a short paroxysm of ventricular tachyeardia, 
This was observed on several oceasions between the thirty-second and 
thirty-sixth weeks of pregnancy. The rate per minute was over 100 each 
time, and the patient was very uncomfortable. She was conscious of 
these ‘‘skipped beats,’’ and she experienced some dyspnea. In the elee- 
trocardiogram taken after the delivery, the arrhythmia was absent, 
and the pulse rate was lowered somewhat (Fig. 2). The symptoms also 
disappeared. Premature contractions have been known to exist dur- 
ing pregnancy and labor. According to Mackenzie, this arrhythmia 
occurs very frequently during pregnancy. It is of interest to note that 
the comparatively rapid heart in our patient did not prevent the ap- 
pearance of these premature contractions. It is possible that some 
product of the metabolism in pregnaney is responsible for the produe- 
tion of this arrhythmia. 

SUMMARY 


1. The electrocardiograms of 36 pregnant women with normal hearts 
were studied. One electrocardiogram was taken some time between the 
thirty-second and thirty-sixth weeks of pregnaney, and a second during 
the first week of puerperium. 

2. Twenty-one cases (58.33 per cent) showed a left axis deviation or 
tendency thereto during the time when the uterus was at its highest 
level in the abdomen. The smallest deviation in a counter-clockwise 
direction was 13° and the largest was 80°, the average being 38°. The 
axis shifted to the right following delivery. 

3. An inverted T. was seen in 17 of the 21 reeords showing axis 
deviation. Two were positive, one was isoelectric, and one was diphasic. 
During the puerperium there appeared only 11 inverted, 8 positive, and 
2 diphasie T:,. Four records, not showing any change in the axis, showed 
T, inverted during pregnancy, and after delivery in two instances this 
became upright, in one isoelectric and in one diphasie (11.11 per cent). 

4. Three records of the 36 (8.33 per cent) showed a large Q, which 
disappeared following the delivery. 

5. One ease (2.61 per cent) had frequent ventricular extrasystoles, 
terminating in a short run of ventricular tachyeardia. After the de- 
livery this arrhythmia disappeared. 

6. Adding the changes seen in the axis, T-waves alone, the large Q,, 
and one ease of arrhythmia, we have an incidence of 80.88 per cent in 
our series that showed changes in the eleetrocardiogram during a time 
when the uterus was at its highest level in the abdomen. (Table IT.) 

7. These findings corroborate those found in the literature and are 
compatible with the interpretation that during this stage of pregnancy 


| 


FELDMAN-HILL : ELECTROCARDIOGRAM OF NORMAL HEART IN PREGNANCY 117 


the heart assumes a comparatively transverse position due to the eleva- 
tion of the diaphragm. 
TABLE ITI 


THE INCIDENCE OF CHANGES IN THE ELECTROCARDIOGRAM OF THE NORMAL HEART 
IN THIRTY-SIX PREGNANT WOMEN 


CHANGES CASES) PER CENT 
Changes in angle and T, 2 58.83 
Large Q in Lead III 3 8.33 
Changes in T, alone 4 11.11 
Changes in rhythm 7 261 


Total 


8. When interpreting an electrocardiogram of a pregnant woman, one 
should bear in mind that at a certain stage of pregnancy left axis devia- 
tion, or tendency thereto, may often be found; that a large Q, may 
frequently be seen; and that extrasystoles are not rare. These findings 
disappear as soon as the uterus empties itself. 
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ELECTROCARDIOGRAMS FROM A FOUR AND A HALF 
MONTHS OLD FETUS 


Mary H. Kaspy, M.D. 
PHILADELPHIA, Pa. 

HE diagnosis of incarcerated retroversion of a four months’ preg- 

nant uterus with threatened abortion was made on a twenty-seven- 
year-old colored woman, and laparotomy was decided upon. Dr. Martha 
Elizabeth Howe and I made preparations to take electrocardiographic 
tracings of the fetus, hoping at first that this could be done with the 
fetus in the uterus, before the removal of the uterus from the abdomen. 
However, at operation the findings were as follows: 

The rectosigmoid junction and a fresh left pus tube were densely ad- 
herent to the anterior surface of the uterus, 1 em. above the vesical 
fold of the peritoneum. In separating the adhesions the uterine wall 
had to be sacrificed to save the intestine, and a ragged tear was thus 
made with free bleeding and protrusion of the placenta. A supra- 
vaginal hysterectomy and bilateral salpingectomy were performed with- 
out, of course, opening the uterus in the abdomen.* 

Immediately after removal, the uterus was opened, and the fetus, 
measuring 21 em. in length, was removed, the connection between fetus 
and placenta being allowed to remain intact. The heart could be seen 
to be beating vigorously and continued to contract for approximately 
forty-five minutes. During this period we obtained the accompanying 
tracings. 

Ordinary copper wire was used for electrodes, one end of the wire 
being inserted under the skin and the other end attached to the lead 
cables of a Sanborn portable electrocardiograph. The first three eleetro- 
cardiograms were obtained with one electrode at the apex of the heart 
and the other just below the angle of the left scapula. An effort was 
made to obtain limb leads also, but only Lead II could be successfully 
recorded. 

Tracing A was taken with the fetus attached to the placenta; that is, 
with the umbilical cord intact. B was taken with the cord firmly 
clamped. The general contour of the complexes is very similar to those 
" *'The gynecological data were supplied by the operator, Dr. F. S, Fetterman. 
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of A, but the T-wave is less deeply inverted. C was taken several 
minutes later when the rate was beginning to slow. D was taken with 
the electrodes inserted under the skin of the right wrist and left ankle. 


D 


Fig. 1.—Electrocardiograms from a four and one-half months’ fetus. A, B and C. 
chest leads—A, fetus attached to placenta; B, umbilical cord clamped; C, same as B, 
several minutes later, rate slowing. D, limb lead (right arm, left leg). 


In general contour and direction of complexes it resembles the adult 
type of electrocardiogram. 

As far as I have been able to ascertain, no electrocardiographie records 
from so young a fetus have been published prior to this time. 
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FREE BALL THROMBUS OF THE LEFT AURICLE* 


JuLius M.D. 
St. Louis, Mo. 


HE presence of a free ball thrombus in the heart is so rare as to be 


classed almost as a clinical and pathological curiosity. According 


to Covey, Crook, and Rogers, twenty-three cases had been reported 


up to the appearance of their paper in 1928. These, together with their 


ease, plus those of Sehwartz and Biloon? and ours, make a total of 
twenty-seven, of which thirteen were diagnosed or suspected during 
life. According to the criteria of Hewitt,* the two chief requirements 
for this diagnosis are that (1) it must be larger than the orifice in 
front of it, and (2) it must have a smooth surface and show no signs 
of former attachment. A number of thrombi have been wrongly con- 
sidered as free when in reality they have been accidentally torn loose 
from their attachment by the manipulations of the pathologist in open- 
ing the heart. Practically, it is a matter merely of academic interest to 
distinguish, if it were possible, between a free thrombus and a peduneu- 
lated one, since both can act in the same way in producing symptoms. 

It is our purpose to present an additional case and to discuss a few 
of the salient points in the clinieal picture and the diagnosis. 


REPORT OF CASE 


A. K., female, fifty-three years old, was admitted to the Jewish Hospital on 
March 26, 1932, complaining of generalized aches, pains, and fever. Four days 
previously she had had dizzy spells and had become white and cold. There had 
been nausea and vomiting as well as some fever and cough for two days. She dated 
her first symptoms eight years before this entry when she began to have precordial 
pain and palpitation. Five years after the onset of her first symptoms she had been 
admitted to the hospital with the heart severely decompensated. At that time the 
diagnosis of auricular fibrillation, chronie myocarditis, and chronic passive congestion 
of the liver and lungs was made. With rest in bed and digitalization she quickly 
improved and was discharged from the hospital. 

On her present admission she was deeply cyanotic ajd dyspneic, the heart was 
enlarged, and a systolic murmur was heard over the whole precordium, rougher over 
the aortic area than elsewhere and transmitted to the neck vessels. Mitral stenosis 
as indicated by a presystolic apical murmur and auricular fibrillation were present, 
the apex and radial rates being 84 per minute. Over the lungs, which were 
emphysematous, coarse rhonchi were heard which later disappeared. The abdomen 
was tympanitic, and the liver was felt two fingerbreadths below the costal margin. 
The reflexes were normal, no pathological toe signs being elicited. She was given 
relatively small doses of tincture of digitalis (1 ¢.c. daily) and became comfortable 


and symptom-free for the next ten days when she was allowed to be up and about. 


*From the medical service of Dr. L. Sale, Jewish Hospital of St. Louis. 
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On April 7, 1932, she began to complain of sudden pain in both lower extremities 
and of marked coldness of the legs and cried out that she was dying. The arms 
and hands were found to be cold, while the finger tips were slightly cyanotic. In 
addition, too, the legs were cold, pale, cyanotic, and there was tenderness over the 
tibial ridge. The dorsalis pedis, popliteal, and femoral pulsations could not be 
felt. The pupils were dilated and reacted to light and accommodation. The 
heart was generally enlarged; the apex and radial rates were 72. On auscultation the 
precordial murmur was unchanged, and the second sound was accentuated every- 
where. The blood pressure was 230/80 mm. It was thought that she had developed 
an embolus just above the bifureation of the aorta. The next day both lower ex- 
tremities were cold and pale from just below Poupart’s ligament downward, the right 
leg being « trifle mottled. There was well-marked hyperesthesia from the middle 
of the thighs to the knees, while from the knees downward there was anesthiesia. 
The femoral, popliteal, and posterior tibial pulsations remained impalpable. On the 
third day there was no indication of gangrene, the color of the legs had improved, 
and except for the toes the extremities had become warm, an improvement which had 
become definite within forty hours of the onset of symptoms. 

On April 17, 1932, she suddenly began to gasp for breath and complain of chest 
pain. She was found sitting up, breathing hurriedly and heavily, apparently in 
agony. The chest pain was localized to the lower precordium. Her complexion was 
as usual, and examination of the heart revealed no new findings. The right radial 
pulse was markedly weaker than the left; the blood pressure could not be obtained 
on the right arm, while on the left it was 220/90. This attack quickly subsided, 
and it was at this time that the presence of an occluding ball thrombus of the left 
auricle was suspected for reasons which will be discussed later. The next day the 
right radial and brachial pulsations were still very feeble, but the arm was warm 
and seemed to be somewhat spastic. 

She steadily lost ground, getting weaker and the extremities becoming quite cold 
again. The pulse could hardly be palpated anywhere, and she lapsed into coma, 
dying April 25, 1932, eighteen days after the onset of symptoms of peripheral 
circulatory disturbance and thirty days after her admission. 

Autopsy Findings.—The pertinent findings at the post-mortem examination which 
was done by Dr. Sam Gray were as follows: 

Heart: The heart was somewhat enlarged, the hypertrophy occurring chiefly in 
the right ventricle. The musculature of the left auricle was also hypertrophied. 
The tricuspid, pulmonary and aortic valves were thin and delicate and presented 
no deviation from the normal. The mitral valve was very thick and hardened, and 
the leaflets were fused, presenting at its opening a mere slit measuring 4 x % em. 
The chordae tendineae were short and thick. 

Within the left auricle there was a moderately firm, slightly oval, smooth- 
surfaced thrombus measuring 7 x 5 em. A thin, recently formed post-mortem blood 
clot adhered to one edge of the thrombus and extended on to the ear of the auricle. 
After a eareful search no small thrombi or areas of endocardial roughening 
were found. Upon section the central part of the thrombus was beginning to under- 
go softening, although as yet it was still compact. 

Aorta: In the aorta from above the origin of the celiac axis and extending down 
for 2 em. into the right iliac and 4 em. into the left iliae artery there was a thrombus 
completely occluding this vessel. Sections taken through the aorta and iliac arteries 
showed the oldest part of the thrombus to be that in the left iliac artery and the 
lowermost portion of the aorta. The remainder probably is a propagated thrombus. 
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The uppermost part of the thrombus is smooth. The axillary arteries were opened 
from their beginning to a distance about halfway down the arm, but no thrombus 
was encountered. A probe passed further down met no resistance. 

Lungs: No significant changes were found. 

Spleen: The spleen was firm and presented one small depression, probably the 
result of a healed infarct. 

Kidneys: The left kidney presented several deep depressions, probably the re- 
sult of previous infarcts. The right kidney had several rather fresh infarcts with 
the typical yellowish area of necrosis and a zone of hemorrhage about it. 

Pathological diagnosis.: (1) Free ball thrombus of the left auricle, (2) throm- 
bosis of abdominal aorta, (3) mitral stenosis, (4) infarets of kidneys and spleen, 


(5) chronic passive congestion of viscera. 
COMMENT 


In 1896, Von Ziemssen* suggested for the first time, from a study 
of three patients, the possibility of diagnosing occluding auricular 
thrombi clinically. He stated that the criteria upon which the diag- 
nosis could be made were: (1) absent or decreased pulsations in the 
peripheral vessels, (2) cireumseribed gangrene of the feet, and (3) 
eadaverie coldness and swelling of the legs. 

Since then, cases diagnosed clinically and confirmed by autopsy have 
been reported by Bozzolo*® in 1896, Lutembacher® in 1917, Auberton 
and Rime’ in 1926, Covey, Crook, and Rogers' in 1928, Schwartz and 
Biloon? in 1931, and the one which we are presenting. 

From examination of the case reports and the experience with the 
one presented by us, we are in accord with the opinion expressed by 
Schwartz and Biloon and others that the clinical diagnosis of a ball or 
pedunculated thrombus of the left auricle can be made and is justifiable 
under certain conditions. No conclusions could be drawn from the his- 
tory alone, although the presence of a long-standing mitral stenosis to- 
gether with auricular fibrillation, which were present almost invariably 
in the reported cases, adds somewhat to the possibility of this diagnosis. 
With a very few exceptions the signs over the heart itself are not un- 
usual and do not aid us in determining the presence of this condition. 
The most important diagnostic feature, in our opinion, is the presence 
of the comparatively rapid and transitory changes in the peripheral 
circulation, such as marked cyanosis or even gangrene which may in- 
volve the finger tips, toes, or tip of the nose. Cadaverie coldness may 
oceur suddenly, and quickly improve or disappear. The disappearance 
or diminution of pulsations, not from one extremity but from several 
of them, including both upper and lower, and their relatively rapid 
restoration as occurred in our case should be emphasized. Such symp- 
toms cannot be explained on the basis of peripheral emboli alone. More- 
over, it is unusual for peripheral thrombotic emboli to be given off to 
such wide-spread areas simultaneously. They can, however, be explained 
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by the presence of a ball thrombus in the left auricle which temporarily 
obstructs the flow of blood into the ventricle with consequent serious 
wide-spread impairment of peripheral circulation. With dislodgment of 
the thrombus, the symptoms and signs improve or disappear, the pulsa- 
tions in the extremities return, the color becomes better, and the legs 
and arms become warm. These peripheral phenomena may be caused in 
two ways: (1) by obstruction of the mitral orifice with the ball throm- 
bus, or (2) by the presence of emboli in the peripheral circulation to- 
gether with the auricular ball thrombus, as occurred in the ease we have 
deseribed. 
CONCLUSIONS 


A case of free ball thrombus of the left auricle suspected ante mortem 
is presented, and the possibilities of making a diagnosis clinically are 
discussed. 

The diagnosis is frequently impossible, but it can sometimes be made 
on the basis of (a) long-standing mitral stenosis usually with auricular 
fibrillation, and (b) wide-spread and transitory disturbances in the 
peripheral circulation. 
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UNUSUAL MANIFESTATIONS FOLLOWING THE USE OF 
QUINIDINE SULPHATE IN A PATIENT WITH 
AURICULAR FLUTTER* 


ABRAHAM JEZER, M.D., AND SipNEY P. ScHwartz, M.D. 
New York, N. Y. 


HE following case of transient amblyopia and of an ectopie rhythm 
resembling ventricular tachyeardia, following the administration of 
quinidine sulphate during the presence of auricular flutter, is of un- 
usual interest. 
REPORT OF CASE 


B. G., a Jewish female, aged forty-five years, was admitted to the Montefiore 
Hospital on April 10, 1933, with a history of recurrent episodes of palpitation of the 
heart. Her heart rate varied between 110 and 220 beats per minute, and electro- 
cardiograms revealed the underlying cardiac mechanism to be auricular flutter with 
a variable ventricular response. Congestive heart failure, such as enlargement of 
the liver and edema of the lower extremities, appeared when her heart rate re- 
mained elevated. Digitalis, administered in large doses, did not abolish this rhythm. 

On April 19, 1933, two test doses of 0.2 gram each of quinidine sulphate 
were administered at a four hour interval. Following the second dose the patient 
complained of severe headache, dizziness, and nausea. The drug was then discon 
tinued. She continued to show auricular flutter (Fig. 1-1). Digitalis was again 
given in 0.2-0.3 gram daily doses, but there was no effect on the heart rhythm. 
The paroxysms of 1:1 flutter continued unabated, and the condition of the patient 
became desperate. 

On May 9, 1933, a probatory dose of 0.2 gram of quinidine was again given, and 
this time there were no toxic manifestations. A 0.2 gram dose of quinidine sulphate 
was then given every two hours for 8 doses on this day, and this dosage was repeated 
on the following day. The rate of the auricles persisted at 220 beats per minute, 
and the ventricular rate remained at 110 beats per minute. The total amount of the 
drug given on May 9 and 10 was 3.2 grams. 

On May 11, 1933 (third day), after 6 similar doses had been given over a period 
of twelve hours, there was an increase in the ventricular rate to 204 beats per minute. 
The drug was then given every hour in the 0.2 gram doses until the following 
afternoon. At 2 p.M. of the next day (May 12, 1933) the flutter waves in the 
neck veins were no longer visible. The heart rate was 75 beats per minute. An 
electrocardiogram confirmed the presence of sinus rhythm with a marked increase in 
the P-R interval to 0.32 second (Fig. 1-2). The total amount of the drug given on 
May 11 was 3.6 grams. 

The sinus rhythm persisted until 7 P.M. when, after slight exertion, there was a 
sudden rise in the heart rate to 180 beats per minute. The flutter waves were 
again seen in the neck. The hourly administration of quinidine, which had been 
discontinued one hour with the onset of sinus rhythm, was again resumed. The 


*From the Medical Division of the Montefiore Hospital, Service of Dr. Leopold 
Lichtwitz. 
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ventricular rate now fell to 100 beats per minute but the rhythm was irregular, the 
irregularity being due to a variable ventricular response in the presence of auricular 
flutter. The total amount of the drug given on May 12 was 3.2 grams. 

On May 13, 1935 (fifth day), only 5 doses of 0.2 gram of quinidine were given 
at two hour intervals. The administration of the drug was then discontinued for 
the day because numerous premature beats were observed in the electrocardiogram. 


The total amount of the drug given on May 13 was 1.0 gram. 


Fig. 1.—Lead I. 


On May 14, 1933 (sixth day), the ventricular rhythm was again regular, the 
ventricles beating at 110 per minute and the auricles at 220. The patient received 
0.2 gram of quinidine hourly for 4 doses, and then the interval between. doses 
was increased to two hours. The total amount of the drug given on May 14 was 
2.8 grams. 

On May 15, 1933 (seventh day), the auricular flutter persisted, and the ventricular 
rate ranged from 80 to 110 beats per minute with a varying degree of block. During 
this day, however, multiple premature ventricular beats were again noted, and the 
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drug was temporarily discontinued after two doses of 0.2 gram each given at a two 
hour interval. The total amount of the drug given on May 15, was 0.4 gram. 

On May 16, 1933 (eighth day), the ventricular rate ranged from 85 to 110 beats 
per minute, and the auricles still fluttered at a rate of 200 beats per minute until 
2:30 P.M. when the ventricular rate suddenly increased to 220 beats per minute and 
the patient ’s pulse could not be felt. Quinidine sulphate was now again administered 
in 0.2 gram doses every hour. The ventricular rate fell to 100 beats per minute after 
two hours and remained at that level until late in the evening when there was 
another sudden rise to 200 beats per minute. Electrocardiograms at this time showed 
auricular flutter with a 1:1 ventricular response. The total amount of the drug given 
on May 16 was 1.8 grams. 

On May 17, 1933 (ninth day), at 6 A.M. the degree of auriculoventricular nodal 
block increased, and the ventricular rate fell to 105 beats per minute. The patient 
was given hourly doses of 0.2 gram of quinidine sulphate. The ventricular rate 
remained at 100-110 until 8 p.M., when it again increased to 200 beats per minute. 
A 0.4 gram dose of quinidine sulphate was administered at hourly intervals for two 
doses, when the patient began vomiting; the drug was then discontinued. The total 
amount of the drug given on May 17 was 4.8 grams. 

During that night the ventricular rate varied from 140 to 160 beats per minute 
and the patient went into circulatory collapse early the following morning. 

On May 18, 1933 (tenth day), the respirations were Cheyne-Stokes in type; 
the lungs had filled up with moisture; and the ventricular rate persisted at 160 beats 
per minute and was regular. Metaphyllin solution, 2 ¢.c., was given intravenously 
with an immediate return to normal respirations. Early in the afternoon the patient 
regained consciousness. Later that afternoon she complained of inability to see. 
The fundi did not show any changes, and the neurological examination was alsu 
negative. 

The electrocardiogram (Fig. 1-3) taken in the morning when the rate was 120 
beats per minute showed an aberrant ventricular complex in the presence of a slow 
ventricular rate. However, the possibility of a ventricular response to every second 
auricular flutter impulse, with deformed ventricular complexes due to quinidine 
poisoning in the conduction mechanism in the ventricles must be considered, espe- 
cially in the light of later records. At 2 P.M. the ventricular rate was 149 beats per 
minute and regular (Fig. 1-4). This record shows the aberrant nature of the 
ventricular complexes to be less marked than in previous records. (No quinidine 
sulphate was given on May 18.) 

Two hours later another record (Fig. 1-5) disclosed the same type of ventricular 
complex as in Fig. 1-4. However, there was a definite irregularity in the rhythm 
due to an interpolated ventricular beat (Fig. 1-5X) which resembled the other 
ventricular complexes in this lead. The ventricular rate is doubled by the inter- 
position of this beat. This is further evidence that we may be dealing here with 
an auricular flutter with a 2:1 response interrupted in this one instance by a 1:1 
response of auricle to ventricle. The aberrant nature of the ventricular complexes 
may be due to quinidine intoxication, since they disappeared after quinidine was dis- 
continued. However, we cannot definitely rule out the possibility of an ectopic 
ventricular tachycardia. 

Subsequent Course.—The ventricular rate on the evening of May 18, 1933 (tenth 
day), again increased to 180 beats per minute and throughout the night ranged from 
180 to 220 beats per minute. No quinidiné sulphate had been given this day. The 
patient again went into circulatory collapse. Early the next morning (May 19) the 
ventricular rate fell to 100-120 beats per minute, and the patient’s condition im- 
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proved. Later that day she could dimly see moving objects. Toward evening a left 
homonymous hemianopsia was found. On the following day (May 20) the patient’s 
yisual fields became larger and gradually increased until they again were normal. 
The ventricular rate remained at 100-120 until May 23, when moderate doses 
of digitalis were again administered and fibrillation of the auricles resulted, although 
digitalization before the quinidine sulphate had been administered had not altered the 
rhythm. The ventricular rate was now maintained at 80-100 beats per minute by 
the administration of large daily doses of this drug for four weeks, when the 
paroxysms of 1:1 flutter returned at irregular intervals. 


SUMMARY 


A woman with hypertension and repeated paroxysms of 1:1 auricular 
flutter received 20.8 grams of quinidine sulphate within nine days, in 
total doses ranging from 0.4 gram to 4.8 grams a day with the purpose 
of abolishing this abnormal rhythm. 

The doses ranged from 0.2 gram of the drug at two hour intervals 
to 0.4 gram at hour intervals. On the fourth day, after 9 grams of 
quinidine had been administered, the auricular flutter was temporarily 
abolished and normal sinus rhythm was restored for a few hours. Fol- 
lowing the reestablishment of auricular flutter, the patient went into 
circulatory collapse on several occasions when there was a return of the 
1:1 flutter. 

A ventricular rhythm with widely aberrant complexes resembling 
those seen in ectopie ventricular tachyeardias was found on the ninth 
day, and the drug was then discontinued. All these abnormal com- 
plexes then disappeared. On the tenth day, one day after the drug had 
been discontinued, the patient complained of blindness which gradually 
disappeared, and normal vision returned after four days. 
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Selected Abstracts 


Simmons, Stanley T.: Rheumatic Heart Disease: Clinical Data as Observed in 


Louisville, Kentucky. Am. J. M. Se. 187: 773, 1934. 


In this study of 206 cases of rheumatic heart disease seen in the Louisville 
City Hospital, it was noted that the disease occurred most commonly in the third 
and fourth decades of life. The sex incidence showed the usual greater frequency 
of infection in females in the ratio of 3:2. There was a predominance of white 
patients to colored in the ratio of 5:3. There was a definite history of rheu- 
matic infection in 91 per cent; 68 per cent of the patients had had rheumatic 
fever. The first attack occurred before the age of thirty years in 93.5 per cent. 
The primary infection occurred in only one patient after the age of forty. 
Seventy-five per cent of the patients were in the hospital some time during the 
period covered by the study with cardiac symptoms. Eighty-five per cent showed 


some degree of decompensation before the fortieth year. 


Weinstein, A. A.; Davis, David; Berlin, D. D.; and Blumgart, H. L.: The Mecha- 
nism of the Early Relief of Pain in Patients With Angina Pectoris and Con- 
gestive Failure After Total Ablation of the Normal Thyroid Gland. Am. J. M. 
Se. 187: 753, 1934. 


Observations on the immediate postoperative relief of chest pain after total 
thyroidectomy in nineteen patients are described. 

Data were collected before, immediately after, and during several weeks after 
operation in three groups: (1) changes in nonanginal precordial pain; (2) changes 
in areas of skin hyperesthesia and muscle and periosteal hyperalgesia of the 
chest wall; (3) changes in the character and distribution of pain of angina 
pectoris. 

Within a few hours after operation, nonanginal precordial pain, hyperalgesia, 
and hyperesthesia disappeared, remained absent from two to four weeks but then 
usually reappeared if the basal metabolic rate had not declined significantly. 
Only after the basal metabolic rate had dropped appreciably did the above men- 
tioned signs and symptoms diminish or disappear permanently. 

Studies were made on the distribution of the pain of angina pectoris produced 
under standard conditions in three patients before and after hemithyroidectomy. 
The remaining half of the thyroid gland was removed at a later date. Exercise 
within two weeks after hemithyroidectomy produced no pain in the arm and the 
side of the chest corresponding to the side of operation. The pain of angina 
pectoris was experienced only on the unoperated side and usually stopped sharply 
at the midline of the sternum. The similarity of these findings to those after 
cervical sympathectomy and alcohol injection is discussed. The basal metabolic 
rate did not change appreciably after the first hemithyroidectomy. After from two 
to eight weeks, pain on exercise was again experienced on the operated side. 


128 


| 

| 
} 

= | 


ABSTRACTS 129 


Only after removal of the other half of the thyroid gland and after an appreciable 
drop in the basal metabolic rate was the pain of angina pectoris permanently 
relieved. 

These observations point definitely to the following conclusions: (1) the im- 
mediate relief of pain after total thyroidectomy is due to the interruption of 
afferent nerve impulses from the heart at the time of operation; (2) relief by 
this mechanism is only temporary; (3) permanent relief is related to the lessened 
work of the heart attendant on the development of the hypothyroid state. 

These findings indicate that after total ablation of the thyroid, complete bed 
rest should be enforced, despite the early subjective relief experienced by the 
patient, until the basal metabolic rate shows significant lowering. 


Stroud, William D.; Bromer, Albert W.; Gallagher, J. Roswell; and Vander Veer, 
Joseph B.: A Clinical Comparison of a Purified Glucoside and Whole Leaf 


Preparations of Digitalis. Am. J. M. Se. 187: 746, 1934. 


The present study was undertaken in an effort to determine whether or not 
there is any difference in the therapeutic value of whole leaf as compared with 
a purified glucoside preparation of digitalis. Twenty-five ambulatory cases of 
established auricular fibrilation were divided into three similar groups. One 
group was given a preparation of the extracted, purified glucosides of digitalis; 
another was given a whole leaf preparation manufactured by a well-established 
pharmaceutical house; and the third group received whole leaf tablets prepared 
by the American Heart Association. The groups were followed clinically for nine 
nonths and then, after interchanging the preparations, for another period of six 
months. No significant difference could be ascertained in the clinical pictures of 
the patients in the three groups during the period of observation. 


The Etiology of Acute Rheumatism and Chorea in Relation to Social and Environ- 
mental Factors. Joint Discussion of the Section on Epidemiology and Section 
for the Study of Disease in Children. Proc. Roy. Soc. Med. 27: 953, 1934. 


This discussion by various speakers presents briefly the current ideas on the 
etiology of rheumatism and chorea in relation to many social and environmental 
It summarizes briefly, especially the English viewpoint, the many ob- 


factors. 
Several important 


secure and debatable points in connection with this disease. 
observations not otherwise reported are included in the discussion. 
Pomerance, Max, and Frucht, Simon: Heart Block in Rheumatic Fever. Am. J. 
Dis. Child. 47: 1087, 1934. 

a series of children with rheumatic fever, thirty-one in number, twenty- 
eight showed prolongation of the P-R interval; the other three showed complete 
dissociation, complete heart-block and Jeft bundle-branch block, occurring during 
the acute attack. These three cases illustrate four important considerations of 
these disturbances of cardiac rhythm: (1) the fleeting character of the abnormal 
thythm; (2) the accelerated ventricular rate in complete heart-block, making the 
clinical diagnosis impossible; (3) the curious auriculoventricular dissociation in 
which the ventricular rate is higher than the auricular rate; (4) the necessity 


In 


for exact records in all rheumatic cases. 


Siemsen, Walter J.: Evaluation of Nonorganic Auscultatory Cardiac Findings 
and the Venous Hum in Children. Am. J. Dis. Child. 47: 1100, 1934. 
Healthy boys attending the University of Chicago laboratory schools and rang- 
ing in age from five to eighteen years served as subjects for the observations 


reported. Except for the exclusion of children with abnormal cardiac findings 


| 
| 


130 THE AMERICAN HEART JOURNAL 


or with physical incapacitation and except for the omission of cases because of 
incomplete data, the material was unselected. Observations were made during 
the routine annual examinations, the boys thus being unaware of any unusual 
proceedings. Observations were made on the incidence of arrhythmias, the in- 
cidence of third heart sounds, reduplicated heart sounds, functional heart mur- 
murs, murmurs produced by exercise, and the venous hum. 

On the basis of the evidence accumulated, the author attempts to point out the 
insignificance of presumably nonorganic auscultatory cardiae findings as commonly 
encountered. While the inconsequential nature of the phenomena has _ been 


stressed, emphasis on due care in their proper evaluation has been omitted. 


Neiman, Benjamin H.: Verrucous Aortitis With Special Regard to Aneurysm 
Formation in Children. J. Lab. & Clin. Med. 19: 929, 1934. 


In a series of 4,100 consecutive autopsies, 3 cases have been found in which 
there was a verrucous lesion on the intima of the aorta. In one case which was 
associated with a stenosis of the isthmus, the verruccus aortitis had caused a 
spontaneous rupture of the aorta in an eleven-year-old child. In another, a four- 
year-old child, an aneurysm of the aorta developed on the basis of it and ruptured 
into the pericardial sac. Streptococci were demonstrated in this case. 

The formation of the verrucae is explained on the basis of a fibrinoid swelling 
and necrosis of the ground substance of the intima with proliferation of the 
adjacent fibrocytes. The rupture and aneurysm are explained on the basis of 
necrosis destroying the internal elastic membrane with subsequent weakening of 
the media. The nonspecificity of the verrucous lesion of the intima of the aorta 
is pointed out. 


Friedberg, Charies K., and Gross, Louis: Periarteritis Nodosa (Necrotizing Arter- 
itis) Associated With Rheumatic Heart Disease. Arch. Int. Med. 54: 170, 1934. 


Four cases that came to autopsy are presented in which widespread periarteritis 
nodosa was associated with rheumatic fever and rheumatic heart disease; the latter 
was confirmed by the presence of Aschoff bodies in the myocardium. These four 
were discovered in a series of eight cases of periarteritis nodosa which came to 
autopsy in the course of two years. Prior to this period there were five additional 
cases which came to autopsy. Two of the five patients had a rheumatie history and 
evidence of rheumatic valvular disease. Verrucous endocarditis was disclosed in 
hoth cases at postmortem examination. 

Criteria for the diagnosis of rheumatic infection and of periarteritis nodosa are 
discussed. On the basis of these criteria, none of the cases of periarteritis reported 
in the literature presented adequate evidence of rheumatic heart disease. Conversely, 
none of the vascular lesions described in rheumatic fever could be truly called 
periarteritis nodosa. Because of the frequency of the association of these diseases in 
this series and the simultaneous occurrence of the symptoms of each, it is believed 
that rheumatic fever is probably a common cause of the vascular lesions termed 
periarteritis nodosa. 

In two of the eases an attack of searlet fever occurred eight weeks before the 
symptoms of the other ailments became manifest. This point is briefly discussed. 
In another case there was clinical and pathological evidence of malignant sclerosis. 
This is mentioned in connection with Fahr’s belief that rheumatic fever is one of 
the causes of malignant sclerosis. In two of the cases the abdominal symptoms, so 
common in periarteritis nodosa, dominated the clinical picture sufficiently to lead to 


an exploratory operation. It is suggested that when acute abdominal symptoms 
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are present in a patient suffering from rheumatic fever, complicating periarteritis 
nodosa should be considered. This complication is offered as an organic basis for 


some of the instances of so-called abdominal rheumatism. 


Campbell, Maurice: The Respiratory Exchange During Exercise in Heart Disease. 
Quart. J. Med. 3: 369, 1934. 


In patients with heart disease, the percentage increase of the pulmonary ventila- 
tion during easy exercise was normal. The increase took place more slowly at the 
beginning and lasted longer afterward. At rest the ventilation was rather greater 
relatively to their size, and this remained true during and after exercise. 

The breathing was faster and more shallow, especially during exercise. This 
rapid shallow breathing was more characteristic of mitral stenosis and of those who 
were most breathless. The effective alveolar ventilation was therefore a smaller 
percentage of the total pulmonary ventilation. Both these factors would tend to 
cause dyspnea, but alone they would not do so in a normal subject. 

In spite of the shallow breathing the percentage of the vital capacity which was 
needed, even during these easy exercises, was greater than normal (33 against 20 per 
cent). No doubt this was an important factor in the sensation of breathlessness. 

The percentage of carbon dioxide in the expired air was lower than normal, and 
this difference was increased during exercise, especially in those with mitral stenosis, 
and in those who were short of breath with easy walking. 

The output of carbon dioxide, especially in the first minute of exercise, was less 
than normal, and this lag would be responsible for some degree of hyperpnea during 
the remainder of the exercise and after. The utilization of oxygen was almost the 
same as normal, and the oxygen debt at the end of exercise was less than this 
retention of carbon dioxide. The pulmonary ventilation and the intake of oxygen 
did not differ greatly from the normal in these patients with heart disease. 

It seems probable that the more rapid shallow breathing with a smaller effective 
alveolar ventilation and the lower percentage of carbon dioxide expired were factors 
in the production of their dyspnea. But the smaller margin between their depth of 
breathing and their maximum vital capacity appeared a more important factor in 


their sensation of dyspnea. 


Gilchrist, A. Rae: The Effects of Bodily Rest, Muscular Activity and Induced 
Pyrexia on the Ventricular Rate in Complete Heart Block. Quart. J. Med. 3: 
381, 1954. 


The ventricular rate in complete heart-block is not fixed but under conditions of 
bodily rest fluctuates through « range of rate more or less peculiar to the individual. 

Clinically it was possible to divide these cases into broad groups—a degenerative 
and a ‘‘toxic’’ variety. The coefticient of correlation between the auricular and the 
ventricular rates is less perfect in the ‘‘toxic’’ than in the degenerative group, in 
dicating a more labile regulation of the independent rhythms in the former. 

Muscular exercise increases the rate of ventricular beating in complete heart-block. 
A simple test, consisting of repeatedly climbing a height of 1.5 feet in a given time, 
induced a maximum increase of 50.2 beats per minute in one patient and a minimum 
of 1.2 beats in another. The power to increase the rate of ventricular beating in 
response to exertion varies considerably in different individuals. Similarly the rate 
of the recovery process is inconstant. In some patients the ventricles return to 
their preexisting rate within one minute of completing the test; in others three, four 
or five minutes may elapse before the rates become fully readjusted to resting 


conditions. 
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The maximum natural range in auricular and ventricular rates has been estimated 
by taking the difference between the rate recorded immediately after exercise and 
the minimum rate observed in a series of observations for each individual under 
conditions of prolonged bodily rest. The maximum range in rate varies in different 
subjects, and the maximum auricular and ventricular ranges are not of the same 
order of magnitude. 

In this series of cases it is found that the maximum auricular and ventricular 
ranges vary inversely. A range of 150 per cent in auricular rate is accompanied 
by only 10 per cent in ventricular; a 50 per cent gain in auricular rate coexists with 
a 100 per cent gain in ventricular. In other words, the greater the limitation in 
ventricular range the more labile the auricular. The greater the ventricular range 
the less incapacitating are the cardiac symptoms. In complete heart-block an im- 
portant factor in promoting myocardial efficiency is the ability to quicken the 
ventricular rate in response to the demands of physical exertion. 

In three patients it was found that during sleep the ventricular rate was slower 
than that recorded under similar conditions awake. 

Fever increases the rate of ventricular beating in complete heart-block. In the 
course of the ‘‘ protein-shock’’ reaction a rise of 1° F. may account for an increase 
of about four beats per minute in the rate of the ventricles. 

These observations suggest that functionally there is no essential difference be- 
tween the sino-auricular node and the idioventricular center. Each reacts to similar 
forms of stimulation, but the magnitude of the responses would appear to be 
limited chiefly by the natural differences in the rhythmicity of the two centers of im- 


pulse production. 


Richards, Dickinson W., and Barach, Alvan L.: Prolonged Residence in High 
Oxygen Atmospheres. Effects on Normal Individuals and on Patients With 
Chronic Cardiac and Pulmonary Insufficiency. Quart. J. Med. 3: 437, 1934. 


Two normal men and twenty-eight patients in the cardiac insufficiency state have 
been kept in atmospheres of from 40 to 50 per cent oxygen for continuous periods 
ranging in length from five days to seven months. Studies have been made in these 
subjects, of the effects of high oxygen atmospheres upon circulatory and pulmonary 
functions, and in certain instances upon their water and electrolyte balances. 

Two normal subjects residing for a week in 45 per cent oxygen showed a fall in 
pulse rate, a slight rise in blood CO, levels, no appreciable change in respiratory 
metabolism, in cardiac output, or in excretion of electrolytes or water. 

The response‘ to high oxygen atmosphere in favorable cases of congestive heart 
failure was found to follow a fairly definite pattern or sequence of events. 

(a) Dyspnea and restlessness were partly relieved within a few hours, but com 
pletely relieved only after several days. 

(b) Arterial oxygen saturation was restored to normal or raised slightly above 
normal within the first twenty-four hours. Rise in blood CO, began on the first 
day, then continued progressively for several days. 

(ec) Inerease in urinary chloride and water excretion frequently occurred, begin 
ning from one to six days after the beginning of oxygen treatment, then proceeding 
to complete loss of edema. 

The favorable response to prolonged oxygen treatment was found to be similar 
in general course to the recovery of compensation by other means, though definite 
differences in certain details were encountered. These have been further discussed. 

Of twelve cases ot arteriosclerotic heart disease, severely decompensated, eight 
patients were restored to limited ambulatory activity, following prolonged oxygen 
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treatment, three were temporarily improved, one was not improved. Eight out of 
nine patients with edema had a diuresis during their course in high oxygen. 

Of nine patients with rheumatic heart disease severely decompensated, none was 
restored to ambulatory activity. Five patients showed moderate improvement and 
relief of symptoms; the remaining four were not appreciably improved. 

Of five patients with pulmonary fibrosis with secondary circulatory insufficiency, 
all were improved. Two were restored to ambulatory activity. 

The clinical indications for oxygen therapy in relative order of importance, are: 
(a) dyspnea; (b) restlessness; (¢) cardiac pain of anginal type; (d) arterial oxygen 


unsaturation; (e) cyanosis; (f) cough. 


Cowan, Donald W.: The Creatine Content and the Weight of the Ventricles in 
Experimental Hyperthyroidism and After Thyroparathyroidectomy. Am. J. 
Physiol. 109: 312, 1934. 


The present investigation was undertaken to determine the effect of both hyper- 
and hypothyroidism upon the creatine concentration as well as the total amount 
of creatine in the ventricles of experimental animals. Young adult male rats were 
used in this work. 

Thyroxine whether administered in divided doses over a period of time or in a 
single large dose causes an actual increase in ventricular muscle mass (in spite of 
a lowering of general body weight). There is a decrease in creatine concentration 
in the ventricles and an actual loss of creatine from the heart. 

Thyroparathyroidectomy while producing no change in the weight of the ven- 
tricles does cause a slight but significant loss of creatine from the heart. 


Nathanson, M. H.: Further Observations on the Effect of Drugs on Induced 
Cardiac Standstill. Arch. Int. Med. 54: 111, 1934. 


In certain persons the activity of the cardiae pacemaker may be temporarily 
eliminated and an arrest of the heart induced by pressure on the right carotid sinus. 
In eight cases studied, the subcutaneous injection of epinephrine abolished the 
standstill by stimulating a new center of impulse formation in the ventricles. 
Ephedrine administered intravenously produced a similar response in three cases. 


Barium chloride by meuth abolished the cardiac standstill in a similar manner in 


one case and was ineffective in another. Calcium gluconate, caffein sodium benzoate, 
coramin metrazol and thyroxine were without effect in a subject who responded con- 
sistently to epinephrine. Digitalis prolonged the period of induced cardiac stand 
still. A group of compounds chemically related to epinephrine produced in a varying 
degree a reaction similar to that of epinephrine. The ratio of activity of these 
compounds as compared with epinephrine was estimated. 

The effectiveness of the epinephrine-like compounds indicates that in the therapy 
of cardiac standstill a specific pharmacodynamic action is required, which is the 
stimulation of the cardiae accelerator mechanism. 

Epinephrine is the most active drug in the treatment of the stopped heart and 
in the prevention of the frequent syncopal attacks of chronic heart-block. 


Harrison, T. R.: Friedman, Ben; Clark, Gurney; and Resnik, Harry: The Cardiac 
Output in Relation to Cardiac Failure. Arch. Int. Med. 54: 239, 1934. 


The cardiac output of patients with cardiac disease has been studied by the 
acetylene method, modified in such a way as to allow the detection of inaccurate 


results. The cardiac output per minute of patients with congestive heart failure 
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is usually from 10 to 30 per cent less than that of normal subjects but may be 
within the normal range. Patients without circulatory disorders may have an 
equally low cardiac output. The level of the cardiae output per minute, whether 
considered as such or in relation to the metabolic rate, bears no relation to the 
presence or absence of congestive failure for: 

1. The range and the average values of the cardiac output are similar for com- 
pensated and decompensated patients. 

2. In a given individual, clinical improvement and disappearance of congestive 
phenomena may be associated with an increase, a decrease or no change in this 
function. In general, the output of the heart per beat tends to be somewhat less 
during congestive failure. The metabolic rate is normal in some patients and 
elevated in others. 

These observations are interpreted as indicating that the ‘‘ forward failure’’ 
(diminished output) hypothesis, which ascribes the clinical manifestations of con- 
gestive heart failure to an insufficient supply of blood to the tissues, is erroneous. 
The ‘‘ backward failure’’ 
cluded that there is much evidence in favor of it and no valid evidence against it. 


(back pressure) theory has been discussed, and it is con 


Thompson, H. E., and Dragstedt, C. A.: Modifying Action of Calcium and Sodium 
Bicarbonate of Salicylate Intoxication. Arch. Int. Med. 54: 308, 1934. 


Experiments on normal healthy dogs were undertaken to determine whether a 
mixture of calcium salt with acetyl salicylic acid would be less toxic than acetyl 
salicylic acid alone. The amount of the drug used was large enough to correspond 
to an intensive type of salicylate medication employed clinically for short periods 
to accomplish what may be called salicylization. 

The ameliorating effect of sodium bicarbonate on certain of the untoward symp 
toms produced by salicylate medication in these amounts reported by many workers 
is confirmed by these experiments. Simultaneous administration of calcium in the 
form of ealcium gluconate and acetyl salicylic acid was found to have a similar 
and in certain respects, a greater ameliorating effect. 


Meeker, Dorothy R., and Jobling, James W.: A Chemical Study of Arterioscle- 
rotic Lesions in the Human Aorta. Arch. Path. 18: 252, 1934. 


Analysis of arteriosclerotic placques after careful isolation of the portions in- 
volved in intimal lesions apart from other portions of the aorta from forty-five 
patients showed a constant amount of phospholipids, an increase of total fatty 
extract and total cholesterol particularly in the proportion of cholesterol to total 
fatty extract. This increase apparently becomes greater with increasing severity in 
the lesions rather than with increasing age. The study also showed that as the 
severity of the lesions increases, there is first an increase in percentage of cholesterol 


esters, in a fatty extract and then as the process continues, a decrease. 


Bellet, Samuel, and Johnston, Charles G.: The Effect of Coronary Occlusion Upon 
the Initial Phase of the Ventricular Complex in Precordial Leads. J. Clin. 
Investigation 13: 725, 1934. 


In acute experiments upon dogs and eats ligation of the anterior descending branch 
of the left coronary artery, while causing R-T deviation in precordial leads, produced 
practically no change in the initial downward deflection of the ventricular complex. 
In general, ischemia or damage to a much greater portion of the myocardium than 
that supplied by the anterior descending branch of the left coronary artery was 
required to produce a marked diminution or disappearance of the initial downward 


deflection. Diminution or disappearance of this deflection was produced in cats 
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after ligation of the anterior branch of the left coronary plus the anterior branch 
of the circumflex arteries, or in dogs and eats after cauterization of a considerable 
portion of the surface of the cardiac muscle. 

In survival experiments marked diminution or disappearance of the initial down- 
ward deflection could be produced by ligation of the anterior descending branch 
of the left coronary artery alone. In 3 out of 5 dogs this deflection almost com- 
pletely disappeared from twenty-four to forty-eight hours after ligation. In one 
sat it disappeared two hours after operation. In one dog it was markedly diminished 
on the fifth day after operation and in another moderately diminished on the third 
day. In all 5 dogs, later during the recovery stage, it increased again; in one in- 
stance the return was ccmplete; in the remaining 4 the deflection regained one- 
fourth to one-half its original amplitude. In man the initial downward deflection 
which disappears during the acute stage of infarction usually does not return in the 
chronic stage; occasionally, however, a partial return occurs. The return of this 
deflection in the dog is probably to be explained by the smaller relative size of the 
area involved by the chronic infarct and by the larger portion of the left ventricle 
in relation with the anterior chest wall in the dog. 

Extremely tall T-waves observed in these experiments as a transient phenomenon 
are believed to characterize a subacute stage of infarction. 

Ligation of the coronary arteries supplying the posterior wall of the left ventricles 
or injury of this area by ecauterization produced R-T interval deviations above the 
isoelectric line but no change in the amplitude of the initial downward deflection. 


Gilligan, D. R.; Berlin, D.D.; Volk, M. C.; Stern, B.; and Blumgart, H. L.: Thera- 
peutic Effect of Total Ablation of Normal Thyroid on Congestive Heart Failure 
and Angina Pectoris. IX. Postoperative Parathyroid Function. Clinical Ob- 
servations and Serum Calcium and Phosphorus Studies. J. Clin. Investigation 
13: 789, 1934. 


Tetanic convulsions or spontaneous spasm of the extremities did not occur in any 
of the seventy-three consecutive patients on whom total thyroidectomy was per- 
formed. Clinical signs or symptoms of mild parathyroid deficiency were manifest 
after operation in twelve patients, or 17 per cent, of this entire series. Of the last 
thirty-seven patients of this group of seventy-three, only three, or 8 per cent, showed 
signs or symptoms. In ten of the twelve patients clinical signs and symptoms of 
hypoparathyroidism were transient, disappearing within two weeks. One patient 
who was operated upon two and a half months previously and another nine months 
previously still showed signs and symptoms when specific medication was discon- 
tinued. The symptoms of hypoparathyroidism are attributed to injury, rather than 
to removal of parathyroid glands during operation. 

Oral administration of calcium chloride solution and a diet rich in milk controlled 
the symptoms of tetany in most patients in whom the disease was transient. An 
initial intravenous injection of calcium chloride solution was given to three patients; 
ealeium lactate or gluconate was substituted when oral administration of calcium 
chloride solution was not tolerated. Viosterol, together with a large intake of eal- 
cium, is being employed successfully in the two cases with persistent hypopara- 
thyroidism, 

The serum calcium was reduced to 7.5 mg. per 100 e¢.e. or less in six of the twelve 
eases at the time of onset of tetany; in three cases the serum calcium was between 
8.3 and 8.6 mg. per 100 ¢.c.; in the remaining three cases the serum calcium was 
within the accepted normal limits. The values for serum inorganic phosphorus in 
these patients with early postoperative tetany were usually normal, being 5.0 mg. per 
cent or above in only two cases. 
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Appreciable decreases in concentration of serum caleium and no changes in con- 
centration of serum inorganic phosphorus were observed during the first two weeks 
after total thyroidectomy in a group of patients who showed no clinical Signs 
of insufficient parathyroid function. The concentration of serum caleium was 
usually slightly below the preoperative level during the first year after thyroidectomy, 
both in those individuals who showed transient signs and symptoms of hypopara- 
thyroidism soon after operation and in patients who showed no clinical signs of 
this disorder at any time. 

It is pointed out that the chemical changes in the blood present during the early 
stages of postoperative tetany may be quite different from the characteristic 
markedly low serum calcium and high phosphorus values found in chronic hypo- 
parathyroidism of either idiopathic or postoperative origin. 

The transient tetany which sometimes occurs immediately following total thyroid- 
ectomy can be controlled by calcium therapy; persistent parathyroid insufficiency 
occurs so rarely that it does not constitute a contraindication to total thyroidectomy, 


Pwelow, S., Markle, P., and Katz, L. N.: Factors Involved in the Production of 
Skeletal Muscle Pain. Arch. Int. Med. 53: 814, 1934. 


The results of this study show that the immediate cause of continuous muscular 
pain such as occurs when an ischemic muscle is exercised is not produced by a single 
mechanism but that muscular activity, anoxemia, circulatory stasis and possibly other 


processes contribute to its production. 


Ernstene, A. Carlton, and Snyder, Maurice: Effect of Arteriosclerosis and Benign 
and Malignant Hypertension on the Area of Histamine Flares. Arch. Int. 
Med. 53: 865, 1934. 


The area of flare produced by injecting 0.02 ¢.c. of a 1:2,000 dilution of histamine 
dihydrochloride into the skin of the mid forearm was measured in five groups: 
normal persons, patients with arteriosclerosis and normal blood pressure, patients 
with benign essential hypertension, patients with hypertension of the intermediate 
grade, and patients with malignant hypertension. In eleven of the sixteen patients 
with malignant hypertension, the area of flare was less than the smallest recorded 
in a normal person, while in only three did it exceed 24 sq. cm. The average area 
for the group was 16 sq. ¢m., approximately one-half that of normal persons. 

The results of the investigation indicate that observations on the area of the 
histamine flare should prove a useful adjunct in distinguishing the intermediate 


and malignant types of hypertension from the benign form. 


Allen, Edgar V., and Camp, John D.: The Value of Arteriography. Raciology 
22: 678, 1934. 


The roentgenographie studies in a case of thromboangiitis obliterans indicate not 
only the diagnostic value of arteriography but also the powers of compensation for 
disease which are inherent in the arterial system. 

The chief value of arteriography in the authors’ estimation lies not in the diree 
tion of diagnoses but in determining the pathogenesis of the condition. It gives in 
formation of inestimable value regarding the disturbances in the arterial circulation 
in scleroderma, thromboangiitis obliterans, in aneurysms, arteriovenous fistulas and 
arterial emboli. Whether or not the method will add information of value to 
knowledge of pathogenesis of arthritis, hypertension and of other conditions remains 


to be learned in the future. 
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Clark, Janet H., Hooker, Donald R., and Weed, Lewis H.: The Hydrostatic Factor 
in Venous Pressure Measurements. Am. J. Physiol. 109: 166, 1934. 


Direct measurements of the venous pressure in dogs in the horizontal and two 
vertical (head-down, head-up) positions have shown that the heart is not the point 
from which the hydrostatic factor in venous pressure is measured. In the dead 
animal the venous system acts as an unbroken column from head to tail, and the 
reference point from which hydrostatic pressure is measured was found to be 82 mm. 
eaudal to the heart in the vertical position in an animal of approximately 500 mm. 
spinal length. In the living animal the venous system is broken at the heart, giving 
two columns with a reference point approximately 121 mm. from the heart in the 


tail section and another reference point 38 mm. from the heart in the head section. 


Kovacs, Joseph: The Iontophoresis of Acetyl-Beta-Methylcholin Chlorid in the 
Treatment of Chronic Arthritis and Peripheral Vascular Disease. Am. J. M. 
Se. 188: 32, 1934. 

A preliminary report on the action of the iontophoresis of acetyl-beta-methylcholin 
chlorid is presented. 

Acetyl-beta-methylcholin chlorid introduced locally with the help of the galvanic 
current produces a pronounced and prolonged local effect which cannot be obtained 
through subcutaneous or oral administration. This local treatment appears to be 
of value in chronic arthritis especially in the rheumatoid type. 
also be of value for patients with peripheral vascular disease in which spasm is an 


This treatment may 


important factor. No harmful effects were observed. 
Further studies with prolonged observation of cases, especially in view of the 
fallacies lurking in the evaluation of the therapeutic test, are essential for the 


correct evaluation of this method. 


Bruen, Curtis: The Therapeutic Efficacy of Bismuth Subnitrate in Arterial Hyper- 
tension. Am. J. M. Se. 188: 21, 1934. 


Under the conditions established for experimental observation, it was determined 
that bismuth subnitrate by mouth even in the largest therapeutically practicable doses 
does not develop sufficient nitrate action to exert any demonstrable effect on the blood 


pressure or symptoms of arterial hypertension. 


Nadler, J. Ernest; Green, Henry; and Rosenbaum, Arthur: Intravenous Injection 
of Methylene Blue in Man With Reference to Its Toxic Symptoms and Effect 
on the Electrocardiogram. Am. J. M. Se. 188: 15, 1934. 


These observations indicate that methylene blue under the conditions of this 


study has two actions. The first of these is the oxidation of hemoglobin to methemo- 
globin. The amount of methemoglobin found immediately following the injection 
of the average therapeutic dose is small. 

The second is that this drug, used intravenously, excites the individual and by 
its rapid elimination into the stomach and urine produces transitory gastrointestinal 
and urinary irritation. The most frequent toxic symptoms observed were restlessness, 
paresthesias, a sense of ‘‘burning’’ in the mouth and stomach, pain in the chest, 
and strangury. These manifestations usuaily subsided in from twenty-four to forty- 
eight hours. Leakage of a small amount of methylene blue about the vein gives 


rise to a very painful infiltration. 
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Electrocardiographie studies show that methylene blue produces a reduction in the 
height or even reversal of the T-wave frequently with lowering of the R-wave. This 
suggests depression of the ventricular musculature. 

The amount of methemoglobin found and the subsequent decrease in hemoglobin 
is not of sufficient magnitude to account for the clinical picture described on the 
basis of anoxemia. 

The authors wish to point out, therefore, that the indiscriminate use of methylene 
blue may produce unpleasant results and be dangerous to the patient. 


Harrison, T. R.; King, C. E.; Calhoun, J. A.; and Harrison, W. G., Jr.: Congestive 
Heart Failure. XX. Cheyne-Stokes Respiration as the Cause of Paroxysmal 
Dyspnea at the Onset of Sleep. Arch. Int. Med. 53: 891, 1934. 


A pneumographic study has been made of patients complaining of attacks of 
dyspnea coming at the onset of sleep. Such patients exhibit Cheyne-Stokes respira- 
tion which either appears or becomes more marked at the onset of sleep and later 
during deep sleep either disappears or becomes less marked. As sleep develops, 
respiratory periodicity occurs with increasing length of the apneic intervals and a 
corresponding increase in the intensity of the hyperpneic phase, which eventually 
becomes so marked as to awaken the patient and cause dyspnea. 

An investigation has been made concerning the underlying factors responsible 
for these phenomena, and it is concluded that the main causative agents are: over- 
ventilation due to reflex respiratory stimulation from congested lungs and respira- 
tory depression occurring at the onset of sleep. Acting singly or in combination, 
these two physiologic alterations appear to be responsible for the periodic breathing. 
The associated violet hyperpnea in a patient with diminished vital capacity is re- 
sponsible for the subjective respiratory distress. 

Certain observations on the blood gases before and during sleep have been 
presented, and these are compatibie with the hypothesis mentioned. The develop- 
ment of periodic breathing is usually not associated with significant alterations in 
the composition of the blood. As sleep continues there is, however, a demonstrable 
increase in the carbon dioxide tension and in the acidity of the blood, and eoin- 
cidentally the respiration becomes regular. 

The alterations in the blood gases are primarily effects of the changes in breath- 
ing. However, as a result of the alteration in the blood, the breathing undergoes 
further changes which lead to the production of the characteristic paroxysmal 


seizures of respiratory distress. 


Friedman, Ben, Clark, Gurney, and Harrison, T. R.: Studies in Congestive Heart 
Failure. XXII. A Method for Obtaining ‘‘Mixed’’ Venous Blood by Arterial 
Puncture. J. Clin. Investigation 13: 533, 1954. 


A modification of the method of Burwell and Robinson for determining the gas 
contents of ‘‘mixed’’ venous blood has been described. The procedure depends on 
obtaining blood from a peripheral artery while the subject breathes a gas mixture 
which has been equilibrated with his venous blood by previous repeated rebreathings. 

The several procedures involved in the method have been checked by various ex- 
periments. 

Application of the method to dogs has demonstrated that the values found for the 
blood gases by this indirect method are in close agreement with the gas contents 
of blood obtained by puncture of the right ventricle. The presence in the Jungs 
of sufficient fluid to produce well-marked arterial anoxemia does not invalidate the 


results. 
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The method is difficult to employ and involves considerable discomfort to the 
subject. Its agreement with the modified acetylene procedure constitutes Additional 
evidence as to the validity of the latter in subjects with cardiac disease. 


Harrison, T. R., Calhoun, J. A., and Harrison, W. G., Jr.: Congestive Heart Fail- 
ure. XXI. Observations Concerning the Mechanism of Cardiac Asthma. Arch. 
Int. Med. 53: 911, 1954. 

Cardiae asthma has been defined and has been differentiated from other types 
of paroxysmal and nocturnal dyspnea occurring in patients with cardiac disease. 
The dyspnea of cardiac asthma is not usually associated with abnormalities in the 
oxygen, carbon dioxide or hydrogen ion content of the arterial blood. 

Relief of the seizure of morphine is not associated with constant alteration in the 
gases of the blood but is followed by a decrease in ventilation and is usually accom- 
panied by an increase in vital capacity. 

Pulmonary congestion, with its twofold effect of decrease in vital capacity and 
reflex respiratory stimulation, is always present and appears to be the underlying 
cause of cardiac asthma. 

There are a number of different precipitating causes of the seizures. Of these, 
cough is the most common. Less frequently, fear—produced by unpleasant dreams 
—abdominal distention or warmth may precipitate the seizures. Each of these 
precipitating factors appears to act by increasing the ventilation. It has been shown 
that, both in normal persons and in patients with cardiac disease, an increase in 
ventilation is accompanied by a rise in consumption of oxygen, which occurs im- 
mediately and thereby indicates that the cardiac output is also increased. 

The effects of voluntary overventilation on the vital capacity were studied in nor- 
mal subjects and in patients with left ventricular failure. The former persons usually 
had a slight rise in vital capacity, but the reverse effect was usually obtained in the 
patients. 

A typical seizure of cardiac asthma was produced in one patient by voluntary over- 
ventilation and in another subject by voluntary coughing. 

Acute pulmonary edema causes both chemical and reflex stimulation of breathing 
and may thus accentuate dyspnea. It has also been shown that in dogs ‘‘edema’’ of 
the lungs produced by introducing Ringer’s solution may cause marked anoxemia 
with a consequent inerease in the cardiae output. 

It has been shown that patients dying with congestion of the lungs may have a 
noninflammatory edema of the bronchial walls, and this is believed to be responsible 
for the musical and sonorous rales which are often heard during the dyspneic 
seizures. Thus, an ‘‘obstructive’’ dyspnea may be superimposed on a ‘‘reflex’’ 
dyspnea. 

The occurrence of the attacks during sleep appears to be dependent on the de- 
pressed irritability which allows the various stimuli mentioned to become excessive 
before they awaken the patient. On awakening there is marked increase in breath- 
ing because of the sudden increase in irritability of the respiratory center, plus the 
strong stimulus. The resulting increase in ventilation tends to cause additional 
pulmonary congestion which leads to further increase in ventilation. The vicious 
cycle so started may progress to acute pulmonary edema unless it is broken by 
the patient’s assuming the upright posture, by the administration of morphine 
or by removal of the precipitating cause, i.e., expectoration of mucus, relief from 
fear of nightmares, ete. 

The same factors which cause cardiac asthma by night may cause seizures during 
the day and result in more or less continuous dyspnea. 

Four types of nocturnal dyspnea occur in patients with cardiac disease; these are 
orthopnea, evening dyspnea, Cheyne-Stokes respiration and cardiac asthma. They 
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all have a common underiying cause, namely, pulmonary congestion consequent to 
‘*back pressure’’ from the left side of the heart. 


Starr, Isaac, Jr.; Donal, J. S.; Margolies, A.; Shaw, R.; Collins, L. H.; ang 
Gamble, C. J.: Studies of the Heart and Circulation in Disease; Estimations 
of Basal Cardiac Output, Metabolism, Heart Size and Blood Pressure in 235 
Subjects. J. Clin. Investigation 13: 561, 1934. 


Duplicate estimations of cardiac output together with determination of metabolism, 
blood pressure and pulse rate have been performed on 31 healthy persons and 204 
hospital patients under conditions of basal metabolism. Orthodiagrams were secured 
also. The results have been subjected to statistical analysis. 

The cases studied included patients with diseases not affecting the circulation, 
with hypertension, anemia, hyperthyroidism, neurocirculatory asthenia, valvular heart 
disease, various types of arrhythmia, coronary disease, acute endocarditis, and 
aneurysm; also patients who had recovered from congestive heart failure. Acute 
cardiac decompensation, advanced pulmonary disease, and the febrile diseases were 
not studied. 

The condition of the circulation in the various forms of disease has been described 
and compared with the normal. The most unexpected finding was that the average 
basal circulation in cases of neurocireulatory asthenia was very abnormal. 

Relationships by which the condition of the heart muscle might be ascertained 
have been sought for. Among normal persons and patients with normal hearts but 
abnormal circulation, the relationship between heart work per beat and heart size 
holds more closely than any other studied. In patients who have been once decom- 
pensated this relationship is abnormal almost without exception. It is believed, there- 
fore, that it may be used to define normal myocardial function and to detect myo- 
cardial disease. Charts and equations are submitted by which the normality of any 


case can be decided. 


Edwards, Joseph C., and White, Paul D.: A Note on the Incidence of Neuro- 
circulatory Asthenia With and Without Organic Heart Disease. New England 
J. Med. 53: 211, 1934. 


In an analysis of 5,000 consecutive patients with cardiac symptoms and signs 
seen in private practice in New England over a period of thirteen years, 687 patients 
(13.7 per cent) were found with definite neurocireulatory asthenia. Of the 687 cases, 
448 (65.2 per cent) were uncomplicated by organic heart disease. One hundred and 
thirty-five (19.6 per cent) were complicated by organic heart disease, and there were 
104 (15.2 per cent) in which neurocireulatory asthenia was present with doubt as 
to the presence or absence of organic heart changes. Of the 687 patients, 424 (61.7 
per cent) were females and 265 (38.3 per cent) were males. Three hundred and 
fifty-four (51 per cent) of the 687 patients were in the age group from thirty-one 
to fifty years inclusive. 

Of the types of organic heart disease found with neurocirculatory asthenia in our 
series, rheumatic heart disease was most frequent (44.4 per cent), coronary disease 
second (21.4 per cent), and hypertensive heart disease third (18 per cent). There 
was only one ease of cardiovascular syphilis. 

From this experience, the authors have found that the chances of a patient with 
symptoms of neurocirculatory asthenia coming to a consulting physician in New 
England to show no evidence of organic heart disease, are approximately three to 
one. Even though organic heart disease be present, symptoms may be entirely the 


result of a complicating neurocirculatory asthenia. 
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Book Review 


L’Inrarctus pu MyocarDE. By Eduardo Coelho, Professor of the Faculty of 
Medicine and Physician to the Hospital of Santa Marta, Lisbon. Masson et Cie, 
Paris, 1934, 212 pages with 105 figures. ‘ 

This monograph, published in French, consists of two parts: (1) an electro- 
cardiographic study of experimentally produced myocardial infarction, and 

a report of 28 clinical cases followed by a discussion of the etiology, clinical symp- 


(2) 


tomatology, electrocardiography including localization, differential diagnosis and 
prognosis. 

In the first part the author gives a satisfactory summary of his own important 
work on experimentally produced myocardial infarction and reviews the literature 
up to about two years ago. The advances since that time have been so great, how- 
ever, that in certain important respects the discussion can scarcely be regarded as 
abreast of current knowledge. 

The second part of the monograph, which deals with the clinical aspects of 
myocardial infarction, offers at most a minimal contribution. More than 60 pages 
are utilized for the protocols of the author’s 28 cases and their electrocardiograms. 
The material is not remarkable. This part of the book is not up to the standards 
of several articles in English on the same subject. 
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Errata 


In the article by Dr. Max Winternitz, ‘‘The Initial Complex of the Electro- 
eardiogram After Infarction of the Human Heart,’’ published in the June issue 
(Vol. 9, p. 616) and translated from the German, a number of minor errors appear, 
of which the corrections are given below: 

616, lines 29 and 30: We may find a deep Q, apart from coronary thrombosis, 
with simple selerosis without necrosis, and even as a variation 
of the normal electrocardiogram with certain rotations of the 
heart’s axis. 

618, line 14: ... the widening of QRS, measuring 0.1 see. 

line 17: ... R, higher, just measuring 9 mm. 
line 24: Dr. A. Ghon.... 
620, line 7: ... extensive myomalacia of the heart 
line 13: The duration of R, is unaltercd but it has become smaller and 
splintered, ... 
line Extensive old myomalacia. . . . 

621, line 2 . . - he worked steadily, constantly suffering from stenocardia and 
epigastrie pain. 

622, line 28: ... Siemens’ oscillograph. 

628, line 11: ... cerebral, coronary and mesenteric vessels, 

629, lines 6 and 7: The initial complex shows slight notching in Leads I and 
III, small R in Leads II and IIT.... 

630, line 12: ... pain which lasted some hours. 

. 632, Legend to Fig. 14 ... Siemens’ oscillograph. 

633, line 7: ... strophanthin, 0.5 mg.,... 

. 633, line 27: QRS width 0.12 see. 
636, line 12: Cases of idioventricular rhythm 


. 641, line 18: ... as is shown in their own illustrations. 


In the August issue in the article by Robb and Weiss: Page 762, second line, 
for 2.6 e.c. read 0.26 e.c. 
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